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rPHREE years ago I examined, on behalf of the 
Archscological Department, the old astronomi¬ 
cal observatories that were founded by Maharaja Jai 
Singh of Jaipur early in the eighteenth cejitury. The 
results of my iiivestigations were embodied in Volume 
XL of the new Imperial series of the Archaeological 
Survey of India. The 2)resent small volume is based 
upon that larger work, to which reference should be 
made by those anxious for further details than are 
now presented. 


Simla, I3tli May 1919. 
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A GUIDE 


TO THE 

OLD INDIAN OBSERVATORIES 

CHAPTEll I. 

Jai SiNtiH OF Jaipur. 

Maharaja Sawal Jai Singh II of Jaipur was born 
in A.D. 16861 and succeeded to the Aniber territory 
at the age of thirteen in A.D. 1699, a few years before 
the death of Aurangzeb. He had difficulties in estab¬ 
lishing himself, but in 1708 obtained complete posses¬ 
sion of the province. In 1719 he was appointed by 
Muhammad Shiih governor of the province of Agra 
and soon after to Malwa. In 1731 he was again governor 
of Malwa and in that year, apparently with the cogni¬ 
zance of the Emperor, he resigned the province to the 
Peshwa. He died in 1713, twm hundred years after 
Copernicus, and “ his wdves, concubines, and acience 
expired with him on his funeral pyre,”* 

' TIio year in which Newton’s Princlpki was conuilcled. 

^Annals and An(i<jtiifies of BajasVhan. By Lieutoiiant-Colonel 
James Tod, 1829, Vol. ii, p. 308. 
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Jai Singh mixed in most of the trouble and warfare 
of the long period of anarchy that coincided with his 
reign ; but he distinguished himself more as a statesman 
than a soldier and has been termed the MachiaveJJi 
of his day. He was the founder of a new capital, 
named after him Jainagar or Jaipur, which in his time 
became a centre of learning ; he erected caravansarais 
in many of the provinces : and he built astronomical 
observatories at five of the principal cities of Hindu¬ 
stan. He conceived and carried out a scheme of 
scientific research that is still a notable example; 
and his influence is still a living one. The oliserva- 
tories he erected are, in the words of his historia]i, 
“ jnonuments that irradiate a dark period of Indian 
History.’’^ 

At an early age Jai Singh showed a predilection for 
astronomical work and, according to his own aciaiunt, 
by constant study he obtained a thorough knowledge 
of its principles and rules. He foimd the astronomical 
tables in use defective and set himself the task of pre¬ 
paring new ones. With this purpose in view Jai Singh 
took every means to ensure success. He attaclied 
himself to no particular school but studied Hindu, 
Muslim and European methods impartially. He col¬ 
lected astronomical books and had certain of them trans¬ 
lated ; he organised a regular staff of workers and sent 
some of them to foreign countries to collect information ; 
he invited certain Europeans and others interested in 
astronomy to Jaipur; he built a large observatory at 
Delhi and made careful observations there for seven 


^ Tud, ii, 2?. 300, 
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years with a view to the preparation of a new star 
catalogue ; and afterwards he built other observatories 
at Jaipur, Ujjaiji, Benares and Mathura. Such in 
brief were his astronomical activities which we now 
l)roceed to describe in some detail. 


Sources of Jai SingKs astronomical knowledge. 

Of the works of his predecessors and contemporaries 
there is evidence that Jai Singh was acquainted with 
the following : Ptolemy's Almagest ; the astronomical 
tables of Ulugh Beg : sojue treatises on tlie Astrolabe ; 
La Ilii-e's Tabulae Astronomicae : and Flamsteed's 
Ilistoria Coctesfis Britannica ; also certain w'estern 
mathematical works such as Euclid's Elemodn. a 
tre^itise on ])lane and s])herical trigonometry and on the 
construction of iogarithins. This, of course, cannot 
be an exhaustive list : his valuable library no longer 
exists ejitire.^ and it would be fairly safe to assume 
that Jai Singh collected and studied all the available 
astronomical w^orks : ijideed it is recorded s])ecilically 
that he ])rocured from Euro])e, besides the tables of 
La Hire, those of earlier dates. 

The book that held sw'ay in Europe foi' a thousand 
years after its publication, and among the Arabs for a 
thousand years after its translation, wars Ptolemy's 
Sgntaxis, commonly knowui as the Almagest. No other 
text-book that has ever been written has had such a 

^ It is said tljat JSiiigJi gave* Jai Singli's unrivalled library 

to a courtesan : it was thus despoiled and its treasures distributed 
among her “■ base relatives.” This would account for the incagroness 
of the information now available; but the tale does not altogether 
bear the impress of truth. 
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reputation. Jai Singh himself speaks of Ptolemy as 
one of the greatest astronomers, and one of his most 
important acts was to order a translation from the 
Arabic of Ptolemy’s great work. This was undertaken 
by Jai Singh’s chief astronomer Jagannath who, in an 
introduction to the translation entitled Samrdt Sid- 
dhmta,'^ records some interesting details. 

Jai Singh, Jagaimath says, was clever in exhibit!jig. 
new methods with globes and otlier instruments; and 
that, with the help of certain learned mathematicians 
and astrono]ners, he had made observations of the stars. 
The instruments proper to an observatory are said to 
be (1) Nadi Yantra (sim-dial), (2) Cola Yantra (sphere), 
(3) Digahisa Yantra (azimuth ijistniment), (4) Dakh- 
shino Digbhitt (niiiral quadrant), (5) Vritta Sliash- 
taihsaka (an arc of sixty degrees placed in the meridian) 
which, he says, “ the Yavanas call shadmjhiri,^^ ((>) 
Samrat Yantra (an equinoctial dial), ‘ the best amojig 
the instruments,’ and (7) Jay a Prakas ‘ the crest jewel 
of all instruments.’ 

Then we arc told that Jagannath jn’epared this 
excellent Siddhdufa Savirdj for the delight of Jai Sijigli; 
and that it is a rendering into Sanskrit for the benefit 
of mathematicians of a work in the Arabic language 
entitled He also tells us thatin the Yavana 

country, the Yavana masters of astronomy, Abarkhas, 
etc., found the maximum declination to be 23 degrees 
51 minutes 19 seconds; and that in Yunan, 36 degrees 
north, it was found to be 23 degrees 51 minutes 15 

' Another title is ^ifldhdnia Sara Kau*iiubha» See Aufkecut, 
Cat. Sans, Man. Trin. Coll., Dublin, p. 75. 

* i.c., Ptolemy’s AlmagesU 
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seconds by the observations of Vitlamayus. Ulugh 
Beg found it to be 23 degrees 30 minutes 17 seconds at 
Samarqand, 39 degrees 17 minutes north. By observa¬ 
tion with this instrument we found it to be 23 degrees 
at Indraprastha in 1G51 Salivahana.”^ 

Ulugh Beg’s astronomical tables were completed 
in A.D. 1436 and became almost as famous as those of 
Ptolemy, and they formed the basis of most subsequent 
catalogues* Flamsteed used them and so did Jai 
Singh, who ])rought them u]) to date.“ 

Ja,i Singh himself refers to La Hire’s tables and to 
other European tables, and in the palace library at 
Jaipur is still a copy of Flamsteed’s great work. 

P. de la Hire was a French scholar of repute who 
lived from A.]). 1640 to 1718. He wrote many niathe- 
matical works and in 1702 ])ublished his Tabulae Astro- 
of which the first part had appeared in 1687. 
This work contained, besides the usual tables, a 
refraction table (which, it is said, Jai Singh copied) 
and a descri]>tio]i of a machine invented by la Hire 
to show the theory of eclij)ses. Another of la Hire’s 
works was ‘ La (Oiomonicjue, ou I’art de tracer des 
cadrans ou horologes solaires sur toutes sortes de 
surfaces, par diherentes pratiques, avec les demonstra¬ 
tions geometriques de toutes les o])erations.’ This 


^ Calcutta MS. Tho names arc somcwliat puzzliiiL^, but Abarkhas 
is fur Hip])arclius, Vitlamayus is for PtolcmPDUs. By Yiinaii pos¬ 
sibly Rhodes is meant. The date 1 <>51 SiiliviUiana is equivalent to 
A.l). 1729. Indraprastha is Delhi. 

^ Jai Singh’s version is given in my larger volume (pp. 98-115). 
See also Mr, E. B. Knobel’s recent edition of Ulitfih Beg's Catalogue 
of Stars, published by the Carnegie Institution of Washington (1917), 
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was published in 1682 and would have been useful 
to Jai Singh. 

John Flamsteed lived from 1646 to 1720. His 
Hist or ia Coelestis Brifannica a])peared in 1712, in one 
folio volume, made up of two books, the first containing 
the catalogue of stars and sextant observations ; tlie 
second, observations with Sharjrs mural arc. Tlie 
complete work, consisting of tliree folio volumes, was 
published in 1725. Flamsteed himself lived only long 
enough to finish the second of the three volumes. The 
third was edited by Ids assistants (h‘ossthwaite and 
Sharp. It contains descriptions of the instrumejits 
used by Tycho Brahe, Ilevelius, Flamsteed himself, 
etc. ; the star catalogues of Ptolemy. Ulugh Beg, Tycho 
Brahe, the Landgrave of Hesse ajid Ilevelius, and. 
finally, the Ifiatish catalogue of 2,935 stars. 

Undoubtedly Jai Singh |)ossessed othei’ astrcmomical 
works, for in the ])re{ace to his oAvn catalogue he mentions 
several other astronomers by name. For exam])le, 
he not only mentions Nasir-al-Din al-Tusi (born A.D. 
1201) but also his commentator (Ali b. M.) al-Uiirgani. 
Nasir-al-Din was one of the greatest Muslim astronomers. 
He made observations at the Maraglia observatory and 
published the famous ' Ilkhanic Tables.’ He wrote 
numerous works on astronomy and mathematics, 
including commentaries on the works of Archimedes, 
Euclid, Ptolemy, etc. 

Coupled with Nasir-al-Din, Jai Singh mentions also 
Jamshid Kashi (Jamshid b. Mashid b. M. Ghyath al-Din 
al-Kashi), one of Ulugh Beg's assistants, who wrote 
several works on astronomy and. particularly on the 
Khaqani tables. Jai Singh also mentions al-Sufi. 
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Hunter^ tells us that he met at Ujjain a grandson 
of Jai Singh’s principal assistant (? Jagannath). “ In 
his possession,” he writes, “ I saw the translation into 
Sanskrit of several European works, executed under the 
orders of Jaisingha. particularly Euclid’s Elemenls 
with a treatise on ])lane and spherical tiigomunetiT, 
and on the constiaiction and use of logarithms which 
was atta(‘h('d to (^iin*s and (Vunmandijie's edition. In 
this translation the inventor is called Don Juan Napier^ 
Besides these the Ihaudit had a table of 
logarithms and of logarithmic sines and tajigents to 
seven places of figures, and a treatise on conic sections.” 

We are also told that maps ajul globes of the 
Feringhees W(‘re obtained from Surat. 

Jai Sijigh did not rely altogether u|)on information 
contaiiied in books. He sent to Europe several 
skilful ])ersons along with Badre Manuel Muhammad 
Sharif"^ was sent to some place where “ tlie southern 
pole was overhead and Muhammad Mahdi was sent 
to the “ further istands. 


^ Some account of the Astronomical Labours of Jaya Sinha, Raja 
of Anih/icre, or Jai/anatjar. Uy W. HrNTiai. Asiatic Researches, 
\'(>1. V., 1709, ]). lh)9. 

2 This >soenis to Ix' tlie source of Tod's statement that Jai 8ingh 
caiis(‘d “ Don Juan Na{)ier on tlu‘ construction and use of logarithms 
to ])c translated into Sanskrit ." (ii .‘ioS.) 

3 A. IT. (Iakkiitt ami (\ (U lkrt. The Jaipur Observatory and 
its Jiuitdcr, ]). lM). In tlie daipur mus(Mim there is a terrestrial globe 
attril)ut(‘(l to dai Singh ; and for th(‘ transference of Ulugh Beg’s 
co-ordinates into declination and right as(;en.sion a lai’ge and fairly 
accin-at(‘ ceh'stial glolx' was uscmI by Jai vSingh's assistants. 

Tlu're is a treatise on the astrolalie (British Museum Adit. 
manuscri])ts No. 7489) by ‘AbduJ RahTm b. Muhammad Sharif 
al-Sharif. The date of the manuscript is A. 11. 11()5 ( = A.D. 17ol). 
See Morley p. 2. 

^ GARRiiTT p. 20. 
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Confirmation of the expedition to Europe is found 
in the records of the Jesuit missionaries in India. In 
1728 or 1729, we are told,^ Jai Singh sent Father 
Figueredo, a Portuguese Jesuit, to Portugal. Also the 
same records relate that on January Cth, 1734, two 
priests set out from Chandernagore to Jaipur, ^ at 
Jai Singh’s request. The account^ of the astronomical 
work done by these two priests at Jaipur and on their 
journey was written, according to M. D’Anville,^ by 
Father Boudier, one of the priests wlio made the journey. 
Observations were made at most of the important 
places through which they pass(‘d. The observatories 
at Delhi and Jaipur are mentioned but not those at 
Benares and Mathura, at both of whicli ])laces they 
made astronomical observations; and this seems to 
im])ly that the observatories at Benares and Mathura 
were built after their visit, which took ])]ace in the 
early part of 1734. 

Tieffenthaler, a French Jesuit, who landed in India 
in 1743, the year in which Jai Si7igh died, writes 
“ I have made three or four journeys to Agra and 
Delhi in order to visit 11. P. Andre Strobel, whom 


^ Lettris (idifiaittcif ct curienscs^ icriies dcs e.lr((ngere.-^ 

Nonvelle Mition. Meinoires des Indefi. Tome (juinzienie. Tou- 
loudc, 1810, p]). 200 f. 

* A journey of over a thousand iuil(‘s. 

3 Observation’^ geogra/phiques Jailes e.n 17^4 par des Peres Jesuifes^ 
pendant leur voj/age dc (Jhandernagor a Delhi ei d Jaepour, ]>. 200. 

^ Eclairrisseniens gcographiqnes snr la (Uule. dc V!nde. Paris 
1750, p. 4(). Father Boudier’s aecount was not i)uf)lis}ied till 
later, but M. D’Anville obtainetl the manuscript from M. Despre- 
menil. 

<> Description hislorique el geogra 2 >hiqne de rinde. IM. by J. 
Rernouilli, 1780, Preface ]). 5. This work contains descriptions of 
the observatories, which arc (pioted below. 
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Jessing, Raja of Djepoiir, interested in astronomy, had, 
with a companion, brought from Germany.” 

The only other European counected witli Jai Singh, 
that we have information about, is a Don Pedro de Sylva, 
wlio, according to Hunter,^ was a physician and an 
astronomer and resided at Jaipur with Jai Singh. De 
Sylva, it appears, died about A.D. 1792. 


Jni Singh's aslronomical tables. 

The 77ij Mnhaymnad Shdhl is a set of astronomical 
tables ])repared under the direction of Jai Singh and 
named after the Enij^eror, Muliainmad Shah. Of this 
work tliere is an incomplete Devanagari manuscri])t 
at Jaipur, and at the British museum is a complete 
Persian manuscri])t.2 Also Hunter had access to a 
Persian manuscript and gave in his ])aper in the Asiatic 
Researches (1799) the T^ersian version of the ])reface to¬ 
gether with an English translation. The latter is repro¬ 
duced below. The tables in both the Jaipur and British 
Museum manuscrijds are identical, and the catalogue 
of stars is not an original one but is Ulugh Beg’s brought 
up to date. 

Tlie Jaipur manuscri])t begins as follows :— 

“ Homage to holy ({anesh. (Catalogue of 48 constel¬ 
lations. From the time of Ulugh Beg’s table, A.H. 841, 
to the present date A.H. 1138, or 297 years, the mean 
motion is 4 degrees 8 minutes. In the Zij Muhammad 
Shdhl the estimates of declination, etc., are taken from 

^ Asiatic Researches V. 1700, p. 210. 

2 C. Rieu Catalogue of Oriental “ Add. 14373, Foil. 222.” 
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the globe. Right ascension divided by six is apparent 
time.” 

The preface to the Zij Muliamynad Shdhl is, from an 
historical point of view, perhaps the most interesting 
part of that work, and is here given in fiill.^ 

'' Praise be to (ilod, such tliat the minutely discerning 
genius of the ])rofoiindest geometers i]i uttering the 
smallest particle of it, may open the mouth in confes* 
sion of inability ; and such adoratioji, that the study 
and accuracy of astronomers who measure the heavens, 
on the first step towards expressing it may acknowledge 
their astonishment and utter insufiiciency. Let us 
devote ourselv(‘s at the altar of the King of Kings— 
hallowed be his ]iame—in the book of the register of 
whose ])ower the lofty orbs of heaven arc only a few 
leaves ; and the stars and that heavenly courser the 
sun, a small ])iece of money in the treasury of the empire 
of the Most High. 

“ If He had ]iot adorned the ])ages of the table of 
the climates of the earth with the lines of rivers, and the 
characters of grasses and trees, no calculator could have 
constructed the almanac of the various kinds of seeds 
and of fruit which it contains. And if He had not 
enlightened the dark ])ath of the elements with the 
torches of the fixed stars, the planets and the resy)lendent 
sun and moon, how could it have been possible to arrive 
at the end of our wishes, or to escape from the labyrinth 
and the precipices of ignorance ? 

From ina])ilitv to com])rehend the all encompassing 
beneficence of His power, Hi])])archus is an ignorant- 


Hunter, v1.s\ V. p. 178 1. 
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clown, who wrings the hands of vexation ; and in the 
Contemplation of His Exalted Majesty, Ptolemy is a. 
bat, who can never arrive at the sun of truth : the 
demonstrations of Euclid are an imperfect sketch of 
the forms of his contrivance ; and thousands of Jamshid 
Kashi,^ or Nasir Tusi,^ in this attempt would labour in 
vain. 

“■ But since the well-wisher of the works of creation 
and the admiring spectator of the theatre of infinite 
wisdon} and providence, Sawal Jai Singh,^ from the 
first dawning of reason in his mind and during its pro¬ 
gress towards maturity, was entirely devoted to the 
study of mathematical science, and the bent of his 
mind was constantly directed to the solution of its 
most difficult problems ; by the aid of the Su])reme 
Artificer he obtained a thorough knowledge of its 
])rinci 2 )lc and rules. 

“ He found that the calculation of the places of the 
stars as obtained from the tables in common use, such 
as the new tables of S'aid (lurganl^ and Khaqani, and 


^ Jamshid b. Mos‘ud Ghyath al-Din al-Kaslii was one of Ulugh 
Beg’s astronomers. 

Nasir al-Din al-Tusi was born A.D. 1201. Ho worked at the 
Maragha observatory and published the fa;nou^ ‘ Tlkhanie Tables.’ 
lie translated Kuelid'.s Elements and Iholemy's AtmtKjesl., and wrote 
many works on astronomy. 

^ .Jai ISingli writes in the third person. 

^ Possibly ^ Ali b. M. al-Saijid al-Sarif al-Gurgrini, who lived 
from A.J). 1339 to 1414 in Sliiraz, and wrote a eoinmentary on 
Nasir al-Tusi’s Tadkira (See 11. SuteUs Dk M(ithemntlker vnd Astro- 
nornen der Aniber and Hire Wirke, ]). 172) ; but tOirgani was a desig¬ 
nation of Ulngli J3eg’s family, and Ulugli Beg's tables wc'ie sometime’is 
t.('rined the (Jurgani eannon [See L.B.P.A. Sedillot's JkoUgoniines 
des Tables aslron-uniiqaes d'Olonij lien. p.c. xi\ ; also Aln-i-Akbari^ 
{ill) 20 and 41 (Jarrett’s edition) ; Akbarndma, (i), 204 (Beveridge’s 
edition).] 

b2 
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the TamJdldt-Mvla Cha/nd^ Akhar ShdJn^ and the 
Hindu books, and the European tables,^ in very many 
eases give them widely different from those determined 
by observation : es]>ecia]ly in the a])pearanec of the 
new moons, the com])utation does not agree with obseT" 
vation/' 

Seeing that very important affairs both regarding 
religion and the administration of empire depejnl upon 
these ; and that in the time of the rising and slotting of 
the planets, and the seasons of ecli]>ses of the sun and 
moon, many considerable disagreements of a similar 
nature were found—he re])resente(l it to his Majesty 
of dignity and power, the sun of the lirmament of 
felicity and dominion, the splendour of the forehead 
of imperial magnificence, the unrivalled ])ea!‘l of tlie sea 
of sovereignty, the incomparaldy l)rightest star of the 
heaven of empire, whose standard is tlie sun, whose 
retinue the moon, whose lance is Mars and whose pen is 


^ >Suter (p. i)5) nioiitions one al-K}ia(jrini, an astronoTiKa- and 
astrologer, who died in A. I). 10,‘hS and who woiked at improving the 
astronomical tables. The Khaqani tabh's were sn})pieni('ntarv to 
the llklianic tables of Nasir al-TusI and waa'e |)r<‘|)ar(Hi and edited 
by Jamshid al-Kashi. 

2 Maulana Chand, file astrologer, wdio was possessed of great 
acuteness and thorough dexUaitv in tlui S(*i(mc(‘ of the astrolab(‘, 
in the scrutinising of astronomical tables, the (amstructioii of alma¬ 
nacs and the interpretation of the stars, was de])nt.('d to Ix' in attcai- 
dance at the portals of tlui cu])ola of cliastity in oi‘d(’.r that in* might 
observe the happy time and ascertain exact ly tlu' j)eriod f)! iiirth (of 
Akbar). He reported in writing to the exalted camj) that according 
to altitudes taken by the (5reek Astrolabe* and by e;alculations based 
on the GurganI tabh‘s etc.’' {A/iharnduKt^ Vol. I, Kd. 

Bcveridg(i). He also cast, the horoseequ^ of dahangij* in A.D. 1.770 
according to the Greek cannon (/V>. ii, 500-7. See also i, .7(; and 
374). 

* He is possibly referring to La Hire's Tubuldc A.^rononiiau' 
and Flamsteed’s Ilistoria Voelestis Britaniiica, 
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Mercury, with attendants like Venus, whose threshold 
is the sky, wliosc signet is Jupiter, whose sentinel is 
Saturn—tJie Eni])eror descended from a long race of 
kings, an Alexander in dignity, the shadow of God, 
the victorious king Muhammad Shah^ : May he ever 
be triumphant in ])attle.“ 

“He was jdeased to reply, since you, who arc learned 
in the mysteries of science, have a perfect knowledge of 
this matter, having asseiiibled the astronomers and 
geometricians of the faith ()f Islam, and the Brahmans 
and ibnuiits. and th(‘-astronomers of Europe and having 
prepared all the ap])aratus of an observatory, do you so 
laboui* for the ascertainijig of the point in question, 
that the disagreement })etw(‘en the calculated times of 
thos(‘ pluMiomena,, and the times which they are observed 
to li.aj)|)eii, may l:)e rectified. 

Although this was a, mighty task, which during a 
long period of time none of the ])owerful Rajas had 
prosecuted ; nor among the tribes of Islam, since the 
time of the martyr ])i‘ince- w'hose sijis are forgiven, 
Mirza. Uhigh Beg. t(> the j)resejit, which comprehends 
a pei’iod of more than three hundred years,^ had any 
ojK' of the kings possessed of ])over and dignity turned 
his attention to this object. Yet to accomplish the 
exalted ('ommand he had rec-eived, lie bound the girdle 
of resolution about the loins of his soul and constructed 

1 Muhainniad Shall naijjiic-d from 1719-1748. 

“ This iiiusl, havo been written before 1799 when Nadir Slulii 
sacked Delhi. 

UIuLih was assassinat.ed in A.l). 1 449 while the Zl) Maham- 
iH.dd S/ia/ii is sii{)])osed to luive been published in 1728, approxi¬ 
mately 297 Muslim years after. 
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here^ several of the instruments of an observatory, 
such as had been erected at Samarqa.nd,^ agreeable 
to the Mussalma]! books, such a,s Zdi al-lIaUjd^ of brass, 
in diameter three ga.z^ of tlie Jiieasiii’e now ijL use, and 
Zat al-S,ha.‘batain,^ and Zat al-Za(jatai]i, and 8ads^ 
Fakhri and Shamalah.'^ 

“ Jjiit liiidbig that, brass instrumejits did not come up 
to tlie ideas wliich li(‘ had formed f)f accurai'v, l)ecause 
of the smalhiess of their size.^ tlie want ol division 


' At/ Delhi. 

“ V\'(^ have vej-y litl.h' iiifonitatiuJi ahoiil tiic ohscrvai/iH’v a( 
Sanianjajjd. (tKaives .staled that M)o ({uaclj'aiil. iisi-il hy I’lii^lj Px'g 
wa.s as liii^l) a.s tl)e summit of Si. So]>hia at (.Austaiitiiioph', or about 
180 feet. The earli(u- .Muslim aslronomer.s had also devised huge 
iiistrumeats, lu A.D. OOo A])ul V\aia used a ((uadraut of I'adius 
lM fe('t 8 Jiiehes ; al-Klio.j<ujdi used a sextant with radius bl feet 
0 inch(\s. ]\'asir al- Dni .set himself the task of |)('rfectiny instruments, 
etc. See SediHot’s Prol^jonitncs dc-s Tabhs aslrouoj/u^juo^ d'O/doiifj- 
Hc(j, [). exxix. 

^ A ring iiistiument, armilla, sj)luera armillaris—(Nallino ii. 
320). 

1) feet ordinarily, but j^erhaps here a (/c/ 2 - Xdandn-- 0 feet 
ap])r()ximat(‘ly. 

^ All astrolabe witli two rings (»r parts. Jt is the trig ih.I nan 
or rcgakic pardlUtcticae. Al-J>attaui calts it tin*. ‘ long alhidado ’ 
(Nallino i. dl'l). In Leaden is a M.S l)e. ndlonc qua opc instru- 
niciLh Zdi dl-lSluib(tt(tin y rtr., by tli(‘. celebrated dl-Kindi. Muham¬ 
mad bin dsae b. AbJ ‘Abbad, AbuT Hasan also wrote on th(^ 
game iiistrunumt (Suter, pp. 2b and 48). 

® This must be the .same as the tPidshtum^d Yanh'd, wliieh, 
according to Jaganiiath, ‘'the Vavanas called iihadsdjkari." See 
pages 4 and 31. 

’ The Jai Trakas is (tailed .'ilidnildh. Iiy Hunter. 

^ Cf. AlbiTuni Ckrunol.oijjj of AncKni Mafion^'^ (p. 11), who wi'ite,s 
“ It is impossible! to hx tin; jiarts of the greatest circle, by means of 
the parts of the smallest circle. 1 refer to the smallness of tlie 
instruments of observation in comjiarison with the vastness of the 
bodies which are to be observed. On this subject 1 have enlarged 
in my book called Kildb-al-Utishhdd bikhtlldj-dl " drsetd.' L.lkE.A 
Sedillot [p. cxxixj gives the following interesting ipiotations ; “ 8i 
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into minutes, the shaking and wearing of their axes, 
the displacement of the centres of the circles, and 
the shifting of the planes of the instruments, he con¬ 
cluded that the reason why the determinations of the 
ancients, such as llijiparchus and Ptolemy, proved 
inaccurate, must have been of this kind. 

“ Therefore he constructed in Dar al-Klialalat Shah 
Jahajuibad.^ which is the seat of empire ajid prosper¬ 
ity, instruments of his own invention, such as Jai 
Prakdi and Ram Yanira and Sa)n,rdt YatUra, the semi- 
diameter of which is of eighteen (mbits and one minute 
on it is a barhw corn and a half^—of stone and lime 
of pcu'fect stability, with attention to the rules of 
geometry and adjustment to the nnwidian and to the 
latitude of the place, a.nd with care in the measuring 
and fixing of thetn, so that the inaccuracies from the 
shaking of the circles and the Aveariiig of their axes 
and disj)lacenient of their centres and the inequality 
of the minutes might be corrected. Thus an accurate 
method of constructing an observatory was established 
and the dillerence winch had existed between the 
computed and observed places of the fixed stars and 
planets by means of observing their mean motions and 
observations wuis removed. 

‘ And, in order to conlii in the truth of these observa¬ 
tions, he constructed instruments of the same kind in 

jtivais pii, El>ii-(tirfa, lairc uii ccrcU' qiu s appuyat J’liii 

cote sur les I’yraiiiKles (‘t de l autre .sur le iiioiit Mucattain, je Taurais, 
fait ; cal' ])lus 1 intruinciit ost c,ran(.l, j)liis oj)eratioiis yoiit justewS,” 

^ i.e., Delhi. 

2 To make tlie measuiemeajts lit, the euhil used must have been 
a large cubit-diU afigidas. 
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Sawai Jaipur, Muttra and Benares and Ujjain.^ When 
he compared these observatories, alter allowing for the 
difference of longitude between the places where they 
stood, the observations agreed.^ 

‘‘ Hence he determined to erect similar observatories 
in other large cities so that every person who is devoted 
to these studies, whenever he wished to ascertain the 
place oL a star or the relative situation of oiui star to 
another, might by these instiuiiients observe the pheno^ 
mena.^ 

But seeing that in many cases it is necessary to de¬ 
termine past or future phenomena; and also that in 
the instant of tlieir occurrence cloud or raiji may prevent 
the observation—or the ])ower and opportunity of ac(;css 
to an observatory may be wanting—he deemed it neces¬ 
sary that a table be constructed by means of which 
the daily places of the stars being calculated every 
year and disposed in a calendar may always be in 
readiness. 

In the same manner as the geometers and astro¬ 
nomers of antiquity bestowed many years on the prac¬ 
tices of observation—thus, for the establishmcjit of a 
certain Jiiethod, after having constructed these instru¬ 
ments, the places of the stars were daily observed. 


^ This implies that- the Dellii Observatory was completed before 
the others wore started ; and that all of them were })uilfc before the 
preface was written. This dates the j)reface after 1734 and perhaps 
after 1737. 

2 We: must aecei)t the statements about j)erf(H:t agrrHunent with 
some caution. Wo luive very few records of Jai Singli’s actual 
calculations or observations : his value for yjrccc.s\sioa was 51’b" a 
year and for the obliqvily 23° 28' 0. 

* The project of building observatories at other places was never 
carried out. 



JAI SINGH 


17 


''After seven years had been spent in this employ¬ 
ment information was received that about this time 
observatories had been constructed in Eurojiei ajid that 
the learned of that country were em])loyed iji the 
prosecution of this important work ; that the busijiess 
of the observatory was still carrying oji there and that 
they were constantly labourinpj to determine with accu¬ 
racy the subtleties of this science. 

“ Fo]’ this reasoii, havin^^ s(‘nt to fJiat country several 
skilful persons along with Piulre Manuel- and having 
procured the now tables which had been constructed 
there thirty years before and publislied under the 
name Lir,^ as well as the .Euro])e tables anterior to those;^ 
on examining aiid com])aring the cahmlations of these 
tables with actual observations it appeared that 
there was an error in the former in assigning the niooirs 
place of half a degree. Although the error in the other 
planets was not so great, yet tlie times of solar and 


^ Uranibor^ (Tycho Bralicj's observatory) in ir)7(>; Leidc'u Ib3l2 ; 
Paris 1bb7 ; (JrcuMiwich 1(>75; Berlin 1705; St . Peters>)urg llliC) ; 
lJ])sala 1750, etc. 

" In 172S or 1720 tlu^ Bcvcnanl Bather Bis»;nere(lo, a J’ortugneso 
Jesuit, went to Europe hy the orchu’ of Jai vSingh. Possibly this is 
the same man. See Leffres alijidnics cl ciirlrn.sc.s, x\. 200. 

^ La Hire’s Tabulae Astronovneae was ])ublish(‘cl in 1702. J^’atfier 
Houdier, who went to Delhi and Jaipur in 1754, actually ref(*rs to 
this (‘dition. He writ(^s : “ En se servant de la niethodo do M. do 
la Hire, edition de ses ta])les 1702, ])a<:e 55, on a. trouve (jin^ le eom- 
ineiHU'inent do reelipse a Delhi lorsrpdil el ait a Koine 11 heures 40 
minutes 55 seconds du matin, etc.” Ldlres, etc. xv, 2SS. 

^ We know that, besides La Hire’s tables, Jai Singh possessed 
those of Ulugh Bc^g and Jdamstecd. Tln^ latter's work contains 
also the tables of Tycho Brahe, the Ijandgravi^ Hesse, and Hevedius. 
Other possible tables are the Tolclan Table of lOSO ; the; AlfonHuie 
Tablcsy 1252 ; RvinholtT» Prus^Tiaii TableSy 1551 ; Ke])leEs 
Tables 1027 ; Cassini’s tables, 1668 and 1693 ; Halley’s tables, 1719 ; 
etc. 
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Kirvar eclipses Ke found to come out later or earlier 
tlmii the truth by the fourth part of u (jhali or fifteen 
palas.'^ Hence he concluded tliat. since in Europe 
astronomical instnmients have not beeji constructed 
of such a size and so large diameters, the motions 
which liave been observed with tliem may have devia¬ 
ted a little from the truth.^ 

“ Since in this ])la.C(‘ by the aid of the u]ie?‘i‘ijig Artiti- 
(*er astronomical instruments hav(‘ l)eeji eonstructed 
with all the exactness tJiat the heart eaji desire and the 
motions of the stars have for a long j)ej‘iod been con 
stiantly observ(‘d with them, agjeeable to observatiojis 
meaji motions and equations were established ; he 
found the calculation to agree ])erfectly with the obser¬ 
vation. And althougli to this day the business of the 
observatory is carried on, a tabh' imder the name of 
His Majesty, the shadow of (lod, com])reliending the 
most accurate rules, ajid most perf(*ct methods of com- 
})utution w^as constructed—so that, when the places of 
the stars atul the a])peara]ice of the new moojis and the 
eclipses of the sim and moon and tlu‘ cojijimction of the 
lieavejdy bodies are computed by it. they juay arrive 
as near as possible at the truth, whicii. in fact, is every 
day seen and conhrjncd at the observatory. 

“ It therefore belioveth those who excel in this art, 
in return for so great a beiieht, to offer up their prayers 
for the long continuance of the power and the pros- 


' (H) palf/.'i -1 minute's, and IT) palds^i) minutes. 

- Tlie inst i llments used l>v Elanistced (lG4(i-1 7 Iwere an iron 
sextant of 6 feet radius ; a tliree-foot quadrant; a mural arc of 110 
degrees and radius 7 feet, ‘ divided with hitJierto unapproacln' 1 
neeuraey,’ and witli vvljieli all liis most valuable work was executed ; 
two clocks and two tcIesco])cs. 
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perity of so good a King,^ the safeguard of the earth, 
and thus obtain for themselves a blessing in both 
worlds.^ ’ 


^ Muiiainmad S'liali died in A.H. 1748 five years after tlio death 
of Jai Sin^li. 

^ There ar(‘ sonn^ ])oints about the ])reface that are not quite 
consistent witli each other and known facts. Th(‘ tradition is that 
the Zlj Muhatntnad Shdhi was completed in A.l). 1728 and this is, 
to some extent, confirmed 1)V 1 he .Jai[)iir MIS. ; the preface was written 
some time after all the^ observatories had Ix'en built, that is after 
17114, and “ more than 300 years ” aft(^r (the death of) Ldugh Ih'g 
[Ulugh Beg died in A.II. 87)3, and 853 + 300 1 153 A.H. --A.I). 

1740-11. A legitimate conelusioii is that the preface was written 
some considerable time after f In^ tables had been completed. 



CHAPTER II. 


The Instruments. 

1. Mcldl instruments. 

Jai Singli himself relates that he first constructed 
ertain metal instruments " agreeable to the Miissalniaii 
books,’ and at Jaipur there is even now a fbie collection 
of such instruments. The metal instruments originally 
at Delhi were possibly removed to Jaipur, but it is also 
possible that, when Delhi was sacked by Nadir Shah in 
1739, some of the portable instruments were either 
destroyed or carried off. There is, indeed, evidence 
that appears to indicate that the present collcc;tioji at 
Jaipur does not preserve all Jai Singh/s metal instru¬ 
ments. In 1790 R. Burrow examined an astrolabe 
‘‘ in the Nagri character, brought by Dr. Mackinon 
from Jaynagur and rexiently at Delhi I was shown a 
small brass sphere made in A.D. 1677 by the designer 
of the Jaipur ZarqalT instrument noted below, and with 
it three astrolabes. Tod tells us of a dial “ on the 
terrace of the palace at Oodipoor, and various instru¬ 
ments at Kotah and Boondi, especially an armillary 
sphere at the former, of about five feet in diameter, 
all in brass, got up under the scholars of Jey Singh.” 

20 



Plate 11. 







METAL INSTRUMENTS 


21 


At the Lahore exhibition of 1864 certain brass astro- 
noirdcal instruments from Kapurthala and other places 
were shown ; and these included “ two fine astrolabes,” 
one spherical and one plane, and several dials. In the 
Lahore museum is a small astrolabe of unknown his¬ 
tory, and in the Indian Museum at Calcutta is one 
that was brought from Herat, but long after Jai Singh's 
time.i 

The more important of the metal instruments at 
Jaipur include (a) the astrolabe shown in plate I, {b) an 
astrolabe dated the Jlstyear of the reignof Shah Jahan 
and A.H. 1067 (=A.D. 1657), (e) a Zarqall astrolabe 
dated the 23rd year of the reign of Aurangzeb and 
A.H. 1091 ( = A.D. 1680), and made for Nawab Iftikhar 
Khan of Jaunpur by Zia al-Din b. Mulla Qasim, astrolabe 
maker of Lahore, (d) two very large astrolabes now in 
the Jaipur observatory, one of which is shown in 
])lat e 11, (e) a graduated brass circle, 17^ feet in dia¬ 
meter, ]iow in the Jaipur observatory, and which is 
.])artly visible in plate VIII, (/) two equatorial circles, 
shown in plate {g) the Krantivritti Yantra shown in 
plate X‘\ 

The astrolabe. 

Of these metal instruments the astrolabe appears 
to have played a very important part in Jai Singh’s 
work. The Arabs perfected it at a very early date and 
it remained one of the principal astronomical instru¬ 
ments until about the 17th century, and is still used 
in the east for astrological purposes. It was usually 

^ Journal of the Asiatic Society of Bengal, 1841 , X, p. 761 . 
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of brass^ and varied in diameter from a couple of 
i nches to several feet. The mariner's astrolabe (as used 
by Columbus) was adapted from that of the astro¬ 
nomers about A.I). 1480, but was superseded by 
Hadley's Quadrant of 1731. The famous scholar 
Corbet, who afterwards became Pope Sylvester II, had 
such skill in making astrolabes, etc., that he was 
su])posed to liave sold his soul to the devil. There 
are many references in mediaeval literature to the 
astrolabe. More than three centuries before Jai Singh, 
Cliaucer wrote his Treatise on the Astrolabe. “ Trust 
well,” he says that alle the conclusions that have 
be founde, or else ])Ossibly might be founde in so 
noble an instrument as is an Astrolabe been unknowe 
parfitly to any mo!*tal man in this regioun, as 1 
suppose.” 

The type of astrolabe principally used by Jai Singh 
was the flat astrolabe, or astrolahinm 'planisphaerum, 
in Arabic called Zat al-Sjijd'ih (‘ consisting of tablets ’), 
an example of wlii(di is shown in Plate I. A brief descrip¬ 
tion of an astrolabe is here given, and for further de¬ 
tails the reader is referred to the larger work. 

The corpus astrolabii is a circular disc with a raised 
edge into which fit the several parts of the instru¬ 
ment : 


^ Gower refers to one of f^old : “ With him his astrolabe he name, 
which was of line gold precious, with points and circles marvellous.” 

The Granada astrolabe (h^acribed by H. S. Cooper {JRAS 1904, 
53f) has silver knobs on I'acb pointer of the ‘ anJeabuf in the British 
Museum are several inlai<l with silver; and others evidently had 
some sort of jewel ILwd in the hursi. Gilt instrumenta are not 
uncommon. 
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(i) The 00.11 Lai,iiiiig disc is termed tlie mdier (Ar. 
vmm) and the inner ])art of this is the venter, whicli 
is often inscribed with Jatitudes and longitudes of 
important cities. 

(ff) The ‘ ankahut or aranea or rete is an open-work 
disc marked with the ecliptic, the signs of the zodiac 
and a number of stars. It. tits in the venter and can be 
revolved. The branches on wliich the names of the 
stars are WTitten and tlie ])oints of whicli indicate the 
positions of the stars are termed sitazdya \)v ‘ splinters.’ 

(Hi) Severa] thin discs or tablets, marked with 
almucantarats. azimuth cindes. liour circles, etc., foi’ 
various latitudes, et(^, lit into the body of the astrolabe. 

(ir) The alhidade or sigliter revolves round the 
centre on the back' of the a.strohrbe. Each arm has a 
perforated lihua or ‘ tile/ which is sometimes hinged on 
to the alhidade. European astrolabes sometimes 
have another marker or label without sights, for use on 
1he front of the instrument. 

(e) The tablets and alhidade, etc,, are lixed together 
by a pin (Ar. qtdb) which is fastened by a wedge, termed 
])y the Arabs jara^ or ‘ horse. This wedge is often 
fashioned into some resemblance of a horse’s head. 

(r/) The whole is suspended by a ring (Ar. Udqa) 
joined to the ‘ urwah or handle, which in its turn is 
riveted to the ])rojecting part, lursi or throne, of the 
instrument. 

(vii) The liack of the astrolabe generally has an 
outer scale of degrees, and certain other scales. It is 
often inscribed with tabh's of use to the astrologer 
and geograph(u* ; the details vary greatl}'. 
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Tlie sigliter and graduated circle on the back of the 
astrolabe form the part of the instrument used in actual 
observation ; wliile the ‘ tablets ’ and the ‘ ankahut 
(vvhicli rotates) and the graduated circle on the raised 
edge form a very ehicient calculating machine. 

Most of the Indian astrolabes are engraved in 
Persian chaT'acters, and astrolabes of any antiquity in 
Hindu characters arc not common. At Jaipur 
til ere aue a t least two such instruments engraved in 
J )(‘vanrigarl characters, but tliey are comparatively 
modem. As already nientiojied, in 1790 R. Burrow ^ 
“ compared aimstrolabe in the Nagri character (brought 
l)y Dr. Mackiiion from Jaynagur) with Chaucer’s des¬ 
criptions/’ and goes on to relate that Even the 
(‘eiitre |)in, which (haucer calls ‘ tlie Iiorse/ has a 
horse’s head upon it in the instrument.” Morley^ des¬ 
cribes two Hindu astrolabes; and one of the Delhi 
astrolabes r(derred to above is engraved in Hindu 
characters, l)ut it also is of very crude workmanshij) 
as compared with the Muslim ijistrumciits. 

2. Masonry insfrumejiis. 

The masonry instruments, which vary in size from 
a few feet to 90 feet in height, arc Jai Singh’s chief 
work. It has already beeji related how Jai Singh dis¬ 
carded brass instruments, and built massive inasonry 
ones in their ])lace. His reasons appeared to be, but 
w('i*e not. altogether, sound. The brass ijistruments 
wei’c, he sa,id, faulty, because of their mobility and 

^ Asiatic liesearelies^ 1790, Vol. ii, p. 489. 

" \V. 11. Mork'V —Description of a plamsplieric astrolabe . in 

the British Museum. 
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size.^ The axes became worn and the instruments 
untrue ; the graduations were too small for fine measure¬ 
ments, etc. His remedy was to make large, immovable 
instruments: but he thus stereotyped h’s designs, 
for the larger and more immobile an instrument is the 
greater is the difficulty in making alterations and im¬ 
provements. Jai Singh sacrificed facility for supposed 
accuracy. 

Jai Singh claims to have devised the Samriit Yantra, 
the Jai Prakas, and the Ram Yantra. These three 
instruments are indeed peculiar to Jai Singh’s obser¬ 
vatories, and must be to some extent attributed to 
his personal ijigenuity.^ He used other stone instru¬ 
ments, such as the mural quadrant and cyliiidrical 
dial; but these were not mentioned specially in the 
preface, because they were common to many observa¬ 
tories. They are, however, mentioned in Jagannath’s 
introduction to the Sanirdf Siddhanta. 

Tlie masonry instruments include (a) the huge dials 
(Samrat Yantra) at Delhi and Jaipur, and smaller ones 
at Ujjain and Benares, (b) hemispherical dials (Jai 
Prakas) at Delhi and Jaipur, (c) azimuth instruments 
at all the observatories, (d) Meridian circles (Dakshi- 
novritti Yantra) at Jaipur, Ujjain and Benares, (e) cylin¬ 
drical dials at Jaipur, Ujjain and Benares, (/) huge 
fixed sextants (Shashtarhsa Yantra) at Delhi and Jaipur 

^ The contrast with the procedure in Europe is interesting. The 
European scientist recognised the inevitability of error, and took 
measures to counteract it {e.g., with the micrometer, vernier, tele¬ 
scopic sights, etc., etc.) Even a modern theodolite, as a useful 
astronomical instrument, is worth more than all Jai Singh’s largo 
buildings. 

* See page 80 seq . 
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(//) the ‘ mixed instrument ’ (Misra Yantra) at Delhi, 
and (/) the zodiac dials (Easi Yantra) at Jaipur. 

The Samrat Yantra is, as its name implies, 
the most important. It is an equinoctial dial, con¬ 
sisting of a triaiigular gnomon with, the hypotenuse 
parallel to the eartlfs axis, and on either side of the 
gjiomon is a ([uadrant of a circle ])arallel to the plane 
of the ecjnator. It is, in princi])le, one of the simplest 
‘ equal lioiir ’ sun-dials. 

In xdate III, AB is oiie edge of the gnomon, the angle 
ABC is equal to the latitude of the ])lace, EF and 67/ 
are at right angles to AB. as also are BF and MIL 
If KIj is the direction of the sun, theji the arc KG 
indicates the time In'fore noon. a,ju! the aiigle IlGL 
the declijiaihni. or sun's angular distaiice fi-om the 
equator. In the actual structure, the cojisiderahle 
width of A A' ami GE (each l)eing over 9 feet at Jai])ur) 
])i‘acti(*ally cluj)licates the instruments. Each edge of 
the (juadrajits is graduated in hours and minutes, as 
well as i]i degi'ees, and each edge of the gnomon has 
two scales of tangejits. one from //to/handthe other 
from F to A. In the figure ((ui HGL— HLjGlL and 67/ 
is the radius of the (juadrant MK(L 

The shape of tlie gnomon is generally a parallel 
tra])eziuni, as i]i plate Ill'h In the same figure GE 
represents the position of the quadrants as they enter 
the gnomon, HG—FE is the. radius, and the lines 
radiating from E and G show the construction of the 
scales of tangents on the edge AB. 

These dials give ap])arent solar time, which varies 
from day to day, owing to (1) the eccentricity of the 
earth’s orbit and its consecpient more rapid angular 
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motion in the winter (when it is nearer the sun) and its 
slower motion in summer ; (2) the obliquity of the 
ecliptic. 1 Consequently a clock going regularly does 
not agree for long with solar time. In India there is 
another element of difference to consider, due to the 
standard time being fixed for the longitude of 82 
degree east of (Greenwich., or liours before 

Greenwich time. A table that will enable the observer 
to com])are dial time with clock time is given in an 
appendix. 

The Jai Prakas is called by Jagannatli sarm yantra 
hiromani ‘ the crest iewel of all instruments.’ It is a 
hcmis}:)here on the concave side of which arc mapped 
out certain co-ordinates. Cross wires are stretched 
north to south and (‘ast to west, and the shadow of the 
intersection of tlie wires falling on the surface of the 
hemisjdiere i]Hli(*ates the position of the sun in the 
lieavens : other heavojily bodies can ])c observed direct 
by ‘ placing the eye ’ at the pro])er graduated point, 
and ol)serving the ])assage of the body actross the poi.nt 
of intersection of the wires. For this ])urpose passages 
are cut into tlie hemisphere, and the instrument is 
duplicated. 

The construction of the instrumcjit is seen in ])lates 
IV and V. The upper edge of the hemisphere represents 
the horizon and is graduated in degrees. From the 
centre azimutli lines and altitude circles are drawn. 
The pole is at a ])oint on the meridian line at a distance 
from the actual southeui ])oint“ of the upper edge equal 

^ These are the two j)riiicij)nl caiise.s, but all other causes combined 
alter the equation of time l)y a few seconds only. 

* The graduations are inverted. 


o2 
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to the latitude of the ])lace. The equator cuts the 
]rieridia]] at a distance from the centre towards the 
north also equal to the latitude, ajid other diurnal 
circles cut the meridian at distances of 20° 12', 

and 1 IJ" on either side of the equator. The circles of 
si"]IS are such that whej] the sun's shadow falls on any 
one of them the corresponding sign is on the meridian. 
These circles of signs cut each of the seven diurnal 
cii'cles on the nieridiaii, and cut the neighbouring 
(drcles at the ])roper intervals. Through the pole 
hour circl(‘s ari* drawii. Theoretically the instrument 
is thus a, very elhcient dial, showing at any instant the 
local time, the sun s declination and the sign on the 
nnuhlian.^ 

At Jfiipur a similar ijistrument called Kdpdla (‘ cup ' 
or ^ h(‘misj)here ') is so constructed as to show ‘ rising 
signs.' In this ijistrument the edge of the hemisphere 
corresponds, not to the horizon, but to the solstitial 
colure (Ac., the circle ]iassing through the poles and the 
solstitial points), and thus is the Jai Prakas turned 
through a right angle. 

The Jai Ih'akas is found only at Delhi and Jaipur. 
The diameter of that at Delhi is 27 feet 5 inches and 
that at Jaipur 17 feet 10 inches. 

The Ram Yantra is the third of the stone instru¬ 
ments mentioned in the preface to the Zlj Muhammad 
Shdin. The Pandits say it was named after Ram Singh, 
a predecessor of Jai Singh's. According to Hunter the 
instrument was also known as Ustiiwani, which was the 


' III tlio larger voliuno an exiilanatory diagram is given.—Plate 
XI, fig. 38. 
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name given by al-Biruni to an astrolabe on a cylin¬ 
drical (orthographic) projection he devised. The Kam 
Yantra is a cylindrical instrument open at the top and 
having at its centre a pillar. The floor and the inside 
of the circular wall are graduated for altitude and azi¬ 
muth observations. The height of the wall from the 
graduated floor is equal to the distance from the cir¬ 
cumference of the central pillar to the inside of the 
wall. To facilitate observation the lloor is ]>roken up 
into sectors and, conse({uently, as in the case of the 
Jai Prakas, c()m])lemcntary buildings liad to be con¬ 
structed. The walls also are broken up, and one section 
of the wall corresponds to one sector. At Delhi tliere 
are 30 sectors, each of 6 degrees, in each building, but 
at Jaipur there are 12 sectors only, and their angle is 
12 degrees in one instrument and 18 degrees in the 
other, the spaces between them being res])ectively 18 
and 12 degrees. On each side of the wall sections are 
notches in whicli sightijig bars can be placed hori¬ 
zontally. Plate V gives a good view of the instrument 
as a whole. Examples of the Ram Yajitra exist at 
Delhi and Jaipur only : the Jaipur instrument is quite 
a modern one,^ 

The Digamsa Yantra (‘ azimuth instrument ’), is 
a simple and useful instrument, and examples of it still 
exist at Jaipur, Ujjain and Benares. The instrument 
consists of a pillar surrounded by two circular walls. 
The central pillar is generally about 4 feet high, and the 
inner wall the same height, while the outer wall is 


^ It was built in 1891. There are also at Jaipur two small Ram 
Yantras which were constructed as models. 
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twice that height. Cross wires are stretched from the 
cardinal ])oints o]i the outer wall, and both walls are 
graduated. The iiuier wall is a convenient height fora 
man to walk on and to look over the outei' wall. 
the aid of a movable strijig a]id an assistant, azimuth 
(Jiorizojital angles) observations can be made with fair 
acc Limey. Tlie instjaimeiit may be described as a 
large ('ircular [)i‘otra.ctoj‘. 

The Narivalaya Yantra C circular dial ') is men¬ 
tioned l)y Jagannatli and it occurs at Jai])ur. Ujjaiii 
and Denares. it nuiy be described as a cylindiical 
dial—the axis of the cylinder being horizontal and 
])oi.nting jiort h and south., and the northern and soutliern 
fac(‘s l)eijig ])aiiLJlel to the ])lajie of tlie equator. At the 
centi'e of eac-h face, and at right angles to it, is an iroji 
style suiroimded by circles ginduated into Jioiirs and 
mijiutes aJid///e/Z/.s and yyah/.s respectively. The shadow 
of the style marks tin* time of the day. ajid the ijistru- 
meiit also shovs. very (‘ITectively. the ])assuge of the 
sun acj'oss tlie (Mjuator (the eijuinoxes). Jagamiath 
remarks that this ijistrument is Jiot of much valur\^ 
beiauise it only gives readijigs for nortlierh^ observa¬ 
tions. This aj)j)lies to some extejit to the Jhmares 
instrument but not to those at Ujjaiu and Jaijiur. 

The Dakshiiiovritti Yantra (' meridian circle') 
is like the mural (_[uadraJits fouiid in most mediae¬ 
val observatories. It consists, essentially, of a wall 
lying in the meridia]i, and on the wall are two 
graduated (quadrants which were used for observing 
the altitudes of heavenly bodies when i)assing the 
meridian. The instrument corresponds to the modern 
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transit circle. Originally there was one at each obser¬ 
vatory, but that at Delhi has been destroyed. 

The Shashtaihsa Yantra occurs at Delhi and Jaipur 
only and is really another form of meridian circle. 
It is a large graduated arc lying in the meridian and is 
built in a ' dark room ' at the bottom of the masonry 
work that su])])orts the huge quadrants of the Samrat 
Yantra. A small orifice, some ?»0 or 40 feet above, 
admits the light of the sim at noon, and the image of 
the sun on the gT‘aduated arc, marks with fail' accuracy 
the sun's altitude. It is thiisDhe ajierture dial of the 
Muslims. At Jaijnir there are two ^ dark rooms,’ 
one under eacli (juadrant of the Samrat, and in each 
room are two arcs, the radius of each being 28 feet 
4 inches. The ‘ dark room ’ at Delhi is at present 
inaccessible. 

Of other masonry instruments there are the Misra 
Yantra mixed instrument ’) at Delhi and the Rasi 
Valaya (‘ zodiac dials ') at Jaipur. There are some 
indications that these two instruments, or rather sets 
of instruments, were not devised by Jai Singh. They 
will be descrilied when the observatories at Delhi and 
Jaipur are dealt with. The most notable feature of 
the Misra Yantra is the set of arcs for meridians at 
Greenwich and Zurich on the west, and two correspond¬ 
ing places on the east. The Rasi Valaya consists 
of a set of twelve dials connected with the rising signs, 
which show the sun's latitude and longitude. 



CHAPTER III. 

The Observatories. 

1. Delhi. 

For the Delhi observatory, known as the Jantar 
Mantar, we have the following approximately correct 
elements:— 

Latitude 28^^ 37' 35" N. 

Longitude 77° 13' 5" E. of Greenwich. 

Height above the sea-level, 605 feet. 

Magnetic declination E. 1° 45', in 1919. Annual 
variation—3', 

Local time 21 minutes 7'7 seconds after standard x 
time. 

The observatory is 3 miles 3J furlongs almost due 
south from the Pir Ghaib, the Trigonometrical Survey 
point on the Ridge, near to Hindu Rao’s House. It 
is also 1 mile 7-^ furlongs 32° w^est of south from the 
Jama Masjid. In the projected new^ city the observa¬ 
tory borders the road leading from the railway station 
to the Secretariat and Government House. It conse¬ 
quently will be a notable feature in the Imperial capital 
and, apart from its historical value, it is desirable that 

32 
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it be made, by suitable surroundings and proper resto¬ 
ration, as dignified as possible. 

The general plan of the observatory (Plate IV) 
shows the following structures : (a) the Samrat Yantra, 
a large equinoctial dial, (6) the Jai Prakas, consisting 
of two hemispherical structures just to the south of the 
Samrat Yantra, (c) the Ram Yantra, two large circular 
buildings to the soutli of tlie Jai Prakas, {d) the Misra 
Yantra, north-west of the Samrat Yantra. 

The Samr§,t Yantra is the central building of the 
observatory. It is the largest and most im])osing, 
although a cojisiderable ])ortion of it is below the surface 
of the earth. It is, indeed, built into a quadrangular 
excavation some 15 feet deep, 125 feet from cast to west 
and 120 feet from north to south. The structure is 
68 feet high, of which 60*3 feet is above the earth\s 
surface ; 125 feet from east to west, and 113*5 feet from 
north to south. The essential parts are the inclined 
edges of the huge gnomon and the quadrants attached 
to it. The edges of the gnomon point to the celestial 
north pole, that is, they make an angle (28° 37') with 
the horizon, equal approximately to the latitude of 
Delhi, and are parallel to the earth’s axis. The 
quadrants {M K G E D, plate III) are at right angles to 
the gnomon and, therefore, the circles, of which they 
form part, are parallel to the plane of the equator. 
These quadrants have each a radius of 49*5 feet, and 
are graduated on each edge in hours, degrees and 
minutes, the scales on the northern edges being marked 
in English and those on the southern edges in Indian 
symbols. The edges of the gnomon are marked with 
scales of tangents, as already explained. The shadow of 
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the edge of tlic gnomon on the quadrants gives the 
local time. The sun’s decHnatio]i is found by observ¬ 
ing wliich part of the gnomoirs edge casts its shadow 
on the edge of the corres}) 0 ]iding ({uadrant. 

In tlie mass of masonry work tliat su])])orts the east 
((uadrant is a chamber which contaijis the SJn/sJ/f/HT/hsa 
Yanlra. This is a large graduated arc GO d(‘grees in 
lengtli, built iji the ])lane of the meridian ; am! through 
a small orifice, the sum as it ])asses the meridiam shines 
on the arc ami indicates its meridian all it mb', from 
wliicli its declination can be directly deduced. The 
ch.ani])er was closed u]) when tlie observatory was 
restored in 1910. 

Oil tlie to]) of the gjiomoji is a (hrcnla]' ])illar. wliich 
was probably used originally for lough azimuth obser¬ 
vations. but whicli is now surmounted by a small sim 
dial of the ]biro])ean. type. The latter was pro])ably 
constructed in 1910 : the ])illar- but not the dial, appears 
in the llaniells' drawings.^ 

The lower ])art of the structure is sometimes below ^ 
the writer level of the locality. The height of the water 
varies but occasionally it covers the lower j)ait of the 
quadrants and the ste])s and prevents access to the west 
cjuadrant. altogether ; ami it makes the structure use¬ 
less for asti’onomical purposes. If the instrument is 
to be saved, means must be taken to prevent the w^ater 
])ercolating to the foundations. 

According to Jai Sijigli, the Samrrit Yaiitj-a was 
built of stone and lime. Hunter and Thorn say that 
the edges of the gnomon and quadrants were of wdiite 


1 Figures 43 and 44 of the larger volume. 
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marb/e, and von Orlicli speaks of marble staircases. 
TJie quadraiits arc now faced with lime, but the time 
graduations arc well marked with a soft black stone, 
neatly inlaid into the face of the quadrant. The 
graduations on the edges of the gnomon are scratched 
into the lime plastei* surface aaid are becoming obli¬ 
terated. Sec also page 26. 

The Jai Prakas consists of two complementary 
concave bcjiiispheres, situated inunediately south of the 
Samrat ^'antra. Their structure is best seen in plates 
IV and V. Tlieoretically oidy a single hemisphere 
is necessary, but, to facilitate observation, ])athways 
arc cut into the surface; and the second Jai Prakas 
is so cojhstrncted that the two instnnnejits together 
show tlie coni])lete surface. th*oss wires were originally 
stretched across the hemisjdici’cs north to south and 
east to west, and the shadow of the intersection of 
these Avires on the cojicave surface of tlie h.emis])herc 
indicated the position of the sun. The surface of the 
hemisphere is marked Avith altitude and azimuth 
circles, the tro])ics and intermediate circles (declination 
])arallels), etc., so that the ])osition of the sim can be 
directly read off. Also there are ‘ circles of the signs of 
the zodiac/ by which the ])articular sign on the meridian 
is indicated by the position of the sun's shadow.^ In 
the Delhi instruments the cross Avires have been dis¬ 
carded, although the pins to which they should be 
fastened are still there ; and iron rods (2 inch galva¬ 
nized pi])ing) have been fixed at the centre of each Jai 
Prakas. See page 27. 


^ See l^age 28 above, aud jiagc 37 of the larger book. 
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The Ram Yantra consists of two large circular 
buildings, complementary to each other, situated south 
of the Jai Prakas. Each consists of a circular wall 
and a jhllar at the centre. The height of the walls 
and ])illar. from the graduated floor, is equal to the 
inside radius of the buildijig measured from the circum¬ 
ference of the pillar to the wall, r/c., 24 feet ()J ijiches, 
and the diajneter of the pillar is 5 feet 3] iiiches. The 
walls and floor are graduated for reading azimuths 
and altitudes. 'I\) facilitate ol)servatioji the floor is 
cut up into thirty sectors, with tlie sj)aces l)etwee.n of 
the same angular dimensions as the sectors, viz., six 
degrees. The graduated sectors ai(‘ su|)|)07‘ted on 
])illars tliree feet higli, so that the o])server can ‘ ])lace 
his (‘ye ’ at ajiy point on the scale. The grariuated walls 
are, similarly, l)roken up by openijigs, at the sides of 
each of which are notch(:‘.s for jdacing sighting bars. 
At Delhi there are no such bars in evidejice but at 
Jaipur they are faced with brass and carefully graduated. 
At Jai|)ur the central ])illar is replaced by an iron rod. 
At Delhi the ])illar is graduated l)y verti(*al stri]jes, 
each six degrees in width, and these are necessary, as 
a ])oint on the top of the edge (not the cejitre) of the 
pillar is the ccmtre for which the altitude graduations 
on the corresjxmding sector and portion of the wall are 
made. The old descriptions and drawings show that 
no important structairal alterations have been made 
during the last century. 

To the north-west of the Sainrat Yantra, and some 
110 feet away, is the Misra Yantra, or ‘ mixed instru¬ 
ment,' so named because it combines in one buildijig 
four separate instruments. Of these the Niyat Chakra 
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occupies tlie middle of the building, and consists of a 
gnomon with two graduated semicircles on either side 
(plate VI''). These semicircles lie in ])lanes inclined 
to the plane of the Delhi meridian at angles of 
ap])roximately 77° and east and west. Tiie 

sejnicircles may be said to corresy)ond to meridians 
at places whose longitudes diher from Delhi by 
these angles, and tradition names Greenwich and 
Zurich, Notkey a village in Japan where tliere is an 
observatory, latitude-13° 33' N. and longitude 145' 17" 
E. of Greenwich,” and ‘‘ Serichew, a town in the Pic 
Island in the lhacilic Ocean east ot JIussia, latitude 
48° 6' and longitude 153° 12' E.” 

On either side of the Niyat Chakra, and joined to 
it, is half of an e(juinoctial dial, c.onsti'ucted on the 
same ]jrijK*i])le as the large Samrat Yantra. On the 
west side of the buildijig is a second cjuadraJit. the face 
of which is horizontal instead oi being ])a,ral]el to the 
axis. Ilimter makes no mention of this. 

On the east wall of the building is a graduaterl seini- 
circle called Dakshiuovritti Yantra, used for obtaiiiing 
meridian altitudes. 'The north wall of the Misra Yantra 
is i]]clined to the vertical at an angle of 5 degrees and 
is marked with a large graduated circle. This is called 
the Karkarasivalaya, or ‘ Circle of the sign of Cancer.’ 
As the latitude of Delhi observatory is 28° 37' 35", 
and the obliquity of the ecliptic is 23° 27' 5" nearly, 
the zenith distance of the sun, when it enters Cancer, 
is 5° lOJ', ap])roxiniately, and the sun then shines over 
the north wall for a short j)eriod, and the shadow of 
the centre pin falls on the graduated circle. This may 
be the northern dial referred to by Jagannath, 
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In the front of the Miyra Yaiitra is a platform 47 feet 
by 43 feet, on which are traces of a ((uadrant of 20 feet 
radius. This jdatform was probably used for inakiji^ 
measurements when tlie instruments were being con- 
striuded or re]haired. 

To the south-west of the Misra Yantra are two pillars 
17 feet a])art, and the lijie joining their centres points 
35^’ K. of north. These ar(‘ nnudioned in none oi the 
accounts of th(‘ observatory. If they were part of the 
original observetorv, they proba])ly supported ojie of 
Jai Singh's metal instruments, such as are now found 
nt Jai])ur. 

Uimter states that, to the west of the Misra Yantra 
and close to it there was a wall in the meridian with 
double quadrants ; and Jagannatb. Jai Singh's assistant, 
recorded that, in the year Ibbl of the Salivahana era, 
“ witb this instrument, the hxtitude of l]idra])rasth.a 
was found t-o be 28’ 31)' north, ajid the jnaxiinum 
declination 2‘U 28'." 


Ui story. 

The observatoi’Y at Delhi was tlie first one built by 
Jai Singh, and it is here that, the ])rinc.i])al obsei'vations 
were made, which were to form the basis of his new 
tables. There is some uncertainty about the date of 
construction. Pandit (Jokal (band gives A.D. 1710, 
ajid Syed Ahmad Khan gives 1721. The latter states 
that the observatory was built '‘in accordance with 
the orders of the Emperor Muhamniad Shah, in the 
seventh year of his reign, corresponding to the year 
1137 of the Hegira " (=A.D. 1724-25). 
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Jai Singli tells us tliat lie himself represented the 
question of preparing new tables to the Emperor, 
who encouraged him to |)roceed. ‘‘ To accomplish 
the exalted command he had received, he (Jai Singh) 
bound the girdle of resolution about the loins of his 
soul, and l)uilt here (at Delhi) several of the instrumeuts 
of an. observatory." Tliis seems to ijidicate that the 
construction was started ajler Muhammad Shah ascended 
the throne. Li 1719 Jai Singh was ap])ointcd the 
Emperor’s lieuteiiajit at Agra. Jagannatli records 
observations made at Delhi in A.D. 1729. The facts 
seem to ])()ijit to 1721 as alnmt the (hite of the foundation 
of the Delhi Observatory. 

We are told that Jai Singh, first cojistj’uctcd at Delhi 
l)rass ijisti*ume.nts of tlu' astrolabe type ij) accordaiicc 
with the Muslim books. These he found to be unsatis¬ 
factory. amh therefore, he constructed instruments 
of his own invamtion. such as da,i Ihnkas and Earn 

Vantra, and Samrat Yaiitra. . of stoiie and 

lime of ])e]*fect stability, etc." In Jai Singh’s time, 
thei‘efor(', the observatory ])robably c.oiisisted of the 
Samrat Vantra, the Jai Prakas, the Rrim Yantra, a 
mural ({uadrant, and some metal instrumejits. Of the 
present buildings, possibly, the Misiu Yantra wa,s 
added by Madhu Singh, “ who inherited no small 
portion of his father’s love of science."^ 

Ea rhf descrlpf ions . 

There are fairly numerous references to the Delhi 
observatory in the accounts of travellers of the eighteenth 


1 Tod u, 372. 
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and early part of the nineteenth century, and some of 
these are worth recording. Father Claude Boudier 
and another priest passed through Delhi in 1731 on their 
journey to Jai])ur and took observations of latitude and 
longitude at the observatory at Delhi. Unfortunately 
they have left on record Jio description of the instru¬ 
ments.* 

In 179!) Franklin, in his description of the city of 
Delhi,^ wrote of the observatory : It was built iji the 
third year of the reign of Muhammad Shah, by the 
Rajah Jeysing, who was assisted by many persons, 
celebrated for their science of astronomy, from Persia, 
India and Eiiro))e ; but died before the work was com¬ 
pleted, and it has since been plundered aiid abnost 
destj’oyed by the Jeits, under Julnvaher Singh:' 

In 1799 W. Hunter ])ublished2 a fairly complete 
account of the Delhi observatory. The list of buildings 
and the descri]>ti()ns he gives show that, to the west of 
the Misra, Yantra and close to it was a wall iji the ])l.ane 
of the meridian, on which was described “ a double 
quadrant having for centres the tovo upper coniers M 
the walls.’’ Also, in describing the Misra Yantra, he 
makes ]io meiitioji of the third quadrajit on the west 
side. Referring the Sam rat Yantra he states ‘Tt is 
built of stone, but the edges of the gnomon and arches, 
where the graduation was, were of white marble, a few 
small portions of which only remain.” 


* S(H‘ ])aoo 8. 

^ An Account of the present Stole of Delhi. By Lieut. Franklin. 
Asiotic Researches, aoI. iv. 171)5, p. 431. Muhammad tShfih’s reign 
commenced in 1711), and Jai Singh died in 1743. 

® Researches, v, 1799, 177/. 
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In 1803 Major William Thorn visitod Delhi, and 
later wrote a description^ of the observatory. His 
description, however, is sim})ly a snniniary of Hunter's 
and li(‘ gives no additional information wliatever, 
althoTigh lie is sometimes (pioted as an antlioritv. 

Soon afterwards, the Daniells gave two i 11 nstrations^ 
of the chief features of the observatorv. These are 
reproduced in the larger volume (figures 13 and 4\) 
and they sliow that during the last- hundred vears verv 
little alteration has really taken ])lace. 

In 1813 von Orlich visited Delhi and made the 
folloAving notes about the observatory : It lies in the 
midst of many ruins : but it was never completed and 
has been, unhappily, so wantonly dilapidated by the 
^ Ill s that the shattered ruins alone a r(^ to be seen. How- 
evei\ enough remains to show the plan of this fine 
building : the (*,olossal sun-dials and (juadrants. which, 
rest ujion large arelies. are formed of led sandstone 
and bricks, and the ascent to them is by handsome 
winding marble stair cases. 

Next comes 8yed Ahmad Khan's descri])tion,^ 
whic'h was translated by (larcin de Ikissy This account 
is not veiy reliabhe but tlie oiiginal woih contains 
some rough but valuable drawings of the instruments. 
We read ; '' Now this observatorv has fallen into 

^ Mfn/<flr (ff Ihc War in 1 lalla. randucl/d hf/ (Jetieral Lord Lake 
in IHIH, p. 171. 

~ Orlenlal Sn’iterjp I SI 5, ])iir1 v., ])lati‘S XIX and XX. TJi^' 
()rijj;inal drawiniis lor ])la1t‘s must iiav(‘ Ihm'ii niadr* abonl A.I). 

1704. 

2 'rraveU in India., London, 1845, ]>. 40. 

^ Athdr al-mnddid 1852. Reprinted 1870. 

^ ,/OUT mil Aslatiqne, V. xv., 1800, 53G/. 

T) 
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ruin ; all the instruments are broken, and all traces of 
the lines of division have disappeared, etc/’ 

Later writers on Delhi give brief notices of the 
observatory with, in two cases.^ interesting ]diotographs ; 
and in the Delhi Museum is a]i iiiteresting painting, 
of unknown date, which shows the observatory in a 
very dilapidated condition. 

Resioralions, 

In 1852 the Raja of Jaipur, at the request of the 
Archaeological Society of Delhi, partially restored the 
Samrat Yantra. In 1910 His Highness the present 
Maharaja sanctioned tin* com])lete restoration of the 
observatory. This eiitailed Ihe rebuilding of some of 
the instruments and the regraduation of all the scales. 
Most of the graduations were, unfortunately, done in 
lime plaster and are already becoming obliterated. 
The European dial on the to]) of the great gnomon 
appears to have been added on this occasion. 

2. Jaijmr. % 

The elements for Jai])ur Observatory are approxi¬ 
mately as follows :— 

Latitude.2(^55'27*4". 

Longitude.75"" 49' 18*7". 

Height above sea-level . . 1,582 feet. 

Magnetic declination • . . K. U 3;'/in 1919. 

Local time . . - .is 2{) minutes 43 

S(*con(ls after 
standard time. 

* Carr Stephen .—The Archaologiml and Monvrnental Remoin.t 
of Delhiy 1876 ; and H. C. Fanshawc, Delhi, Past and Present, 1902. 
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The observatory is within the palace precincts, 
about 200 yards east of the minaret. It is in an excellejit 
state of ])reservat.ion and is one of the ' sights' of the 
city. Not only does the observatory contain masonry 
instrunnmts such as those at Delhi, but also a number of 
metal instruments of very c.onsiderable interest : and 
in the Museum, outside tlie (‘iyy walls, are other astro¬ 
nomical instruments that, no donbt, formed ])art of 
Jai Singli's astronomical (Mpiipnuait. The j)lan of the 
observatory (])late VI I) shows tlie gejieral arrajigement 
of the ijistriiments, the ]>i-inci})al Ixang the Samrat 
Yantra, the Jai Prakas, tlie Rasi valaya, the large 
astrolabes, etc. 

Samrat Yantra.— The large Samrat VaTitra is 
situated at the soutli-east (a)rner of tlie observatory 
enclosure. It is the largest of ull of Jai Singh's instru¬ 
ments. being nenrly 90 feet high and 117 feet long, 
the radius of each (piadrant- being P.) feet 10 inches. 
It is graduated to read to seconds, but this is impossible 
in practice, owing to the ill-deli nod shadow (due to the 
size of the penumbra). The tangent scales on the edge 
of the gnomon caimot now be used, owing to the instru¬ 
ment overlooking the palac(‘ zenana enclosure. The 
readings of tlie quadrants appear to be slightly incon¬ 
sistent, the eastern (piadrant giving readings that are 
about two minut-fis out, as companHl with the time 
registered on the western (piadrant. 

The general structure is the same as that of the Delhi 
instrument, but it is of somewhat more (daborate 
construction and on a larger s(*ale. Like the Delhi 
instrument, the foundations are below the ground 

J> 2 
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level, but the floor is and pro])er arrangements 

are made for drainage. 

Shashtamsa Yantra. —The Shashthamsa Yantra. or 
sextant instrument, is a huge convex arc of GO degre^es, 
and of 28 feet 4 inches radius, lying in the meridian. 
There are two j)airs of such arcs built into the masonry 
that supports the east and west ends of the Sainiht 
(juadrants. Small holes in the roof of each structure 
allows the sunlight to fall on the arc at noon. The 
instrument is capable of giving very accurate ]‘('sults. 
but the readings are said to b(‘ in error to about 1 
minutes. See also page 31. 

Rasivalaya Yantra. —Tlie Rasjvalaya, or ‘ ecliptic 
instrument,' consists of a collection of dials on a plat¬ 
form to the west of the Samrat Yantra. There are 
twelve such dials, one for each sign of the zodiac. Each 
instrument is exactly of the same ty]n^ as the Samrat 
Yantra, but the (juadrants lie, not in the plane of the 
ecjuator. but in the plane of the ecl,i])tic when the parti¬ 
cular sign is on the horizon, and the (^Ige of the gnomon 
then })oints to the pole of the ecliptic ; conse(juentlv, 
at the proper moment the insti-ument indicates the 
sun's latitude and (with app?‘ 0 ])riate graduations) 
longitude. The radius of the (piadrant is 5 fe(‘t G iiudies 
in the case of four instruments, and 1 feet U inches in 
the case of the other eiglit. The early lists do not 
mention the Rasivalaya. 

Jai Prakas. —The Jai Prakas is constructed in the 
same manner as the Delhi instrument. The jirinciple 
of the instrument has already been cx])lained (page 27). 
It was completely restored in 1901. in white marble, 
and the various circles were then marked in different 
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colours. It is 17 feet 10 inches in diameter. The 
instrument shows time and declination, and the signs 
on the meridian. 

Kapala. —The Kapala is another hemispherical 
instj ument, and is peculiar to Jaipur. There are two 
examples—one being a hemis])here with its upper edge 
representing, as iji tlie Jai Prakas, the plane of the 
horizon, while in the other it represents the solstitial 
colure. Tlui latter indicates ' rising signs ’ instead of 
iiKuhlian signs. Each Kapala has a diameter of 11^ feet 
and is a- complete liemisj)here, that is, Jio pathways 
ar(‘- cut, as iji the Jai Prakas. The graduated rims are 
in marble, l)ut tlie I’emainder of the surfaces are in lime 
plaster. 

Ram Yantra.— There are four insti imients in white 
marble, but all ol them are (piite modern (? 1891), 
although jnade according to Jagajinatlbs instructions, 
in ])rijH‘i|)le they arc exactly the same as the instruments 
at Delhi, but. are much smaller, the larger ])air being 
25 feet 11 inches in diameter. The sectors are twelve 
in nimilxM-, occupying 12" each in one instrument, 
and 18 in the otliej*. For an explanation, of the con- 
sti'uc.tioji see page 28. 

Digarnsa Yantra. —The Digamsa Yantra or azi¬ 
muth instrujnent lias already been described (page 29). 
There is no sucli instrument at Delhi, but there are 
examples at Ujjain and Benares. 

Nari Valaya Yantra. —The instrument at Jaipur 
is a masonry cylinder some 10 feet in diameter.^ The 

^ Ln tlic 'js^neral pian (plate Vll) the supporting masonry work 
is not shown, but see plate iX^’. 
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axis of the eylinder is liorizontal and in the plane of 
the ineridiaU;, and the parallel faces, which form the 
dials, are in the ])lane of the equator. The dials are 
graduated into (jhafls ajul pdla.s, and also Jiours and 
minutes. Accordijig to (darrett, the southeni face was 
added by elai Singh's grandson, Maliaraja Purtaj) 
Singh. There are similar ijistrunients, but much 
smallei’. at I'jjain ajid PxMinres. 

Dakshinovritti Yantra. The construction of the 
Dakshino Vritti Yantrn.. or mural (juadrant. is seen 
in pla,t(‘s VH aiul IX. ll is of the same princi])le 
a,s th(' similar insl ruimmLs al Pjja.in aaul llenares (that^ 
at J)elhi has disappi'arc^d). On the (‘ast facti are twr) 
(jiiadi'aiit.s of f(‘(‘t ra.dins. and oa the \va\st fac(‘ is a 
seniicii’cJe of lb f(M‘i lo iiicJics iadius. It was used for 
ta.king meridian altitudes. 

Th(' following mt‘tal insi-ruments also form 

part of th(‘ of)S(‘i‘va ((»ry : 

(c) Two larg(‘single disc asti'olabesT feet in diameter 
--■one made of some sixty sheets of iron rivoided 
togetln'r. and thi‘ othei- (phiti*. 11) of l)rass. patched up 
ndh b‘ad. From t.he iron instrument the graduations^ 
ha,ve (lisap])ear(‘d. The brass instrument is designed 
for latitude‘J7 N. 11 has an ecli])tic cir(‘le, a,nd a tube 
sighter of modern woi'kinanship. ddiese two instru¬ 
ments may ])()ssibly be of the original meta.l instruments 
referred to by Jai Singh. If so thc'y were probably 
brought from Delhi. 

{()) The IJinuildiHsa. Yatitrn is })ossil)ly another of 
Jai SinglTs original instruments. It is a graduated 
biass (‘ircle, feet in diameter, susjiended so as to 
revolve around a vertical axis. Jai Singh speaks of an 
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instruiuent Zdf ahhalqa (consisting of a ring) of brass 
in dianieter three cjaz of the nieasure ]iow in use’’ ; but 
the Zdt (d-ludqa is ordijiarily an ariuillary sphere. 

(r) The (diukrn Y an Ira is an equatorial. There are 
two at Jai])ur of () feet in diameter. Each is fixed so 
as to revolve about an axis parallel to the earth’s axis. 
At the southeni end of the axis of the instrument 
is a se|)ai'at.e graduated circle, fixed on the supporting 
])illar. The axis carries a ])ointer, wliich indicates the 
hour angle on the fixed circle ; and the main movable 
circle carries an index and sighter. 

(d) The Krdiifirrifti Yanira (Torquetum), found at 
Jaipur only, is quite a modern instrument, but is said 
to have })een made according to Jagannath’s instruc¬ 
tions ; aaid there still is at Jaipur tire old masoniy 
work for a mucli larger instrument of the same type. 
The Kranti Vritti Yantra is used for direct measure¬ 
ments of celestial latitude and longitude. It consists 
of two brass circles. ])ivoted so that one always moves 
in the ])lane of tlie ecpia.tor and the other in the plane 
of the ecliptic. It is inore suitable for demonstration 
purposes tluui for actual observation. This is the 
Torquehmi, of Regiomontanus (Id34-1476), which was 
rejected by Tycho Brahe as a clumsy instrument.^ 


History. 

Jaipur city was built about A.D. 1728, and the 
observatory was constructed about A.D. 1734. The 
earliest detailed des(?ription is that by TiefEenthaler, 


^ Sco R. Wolf GeficMchle der Astronowie, p. 161, and J. L. E. 
Dreykr Tycho Brahe^ p. 317. 
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a Jesuit Missionary, who travelled in India frojn 174o, 
the date of Jai Singh's death, to 1786 ; but the earliest 
reference to the observatory is possibly that by Father 
Boudier, who. with another priest, visited Jaipur in 
1884, and niad(^ astronomical observations theie. 
Boudier makes no references to the instruments, and 
they Avere possil>ly only in the course of construction 
af. the time of his visit. He, however, made observa- 
tio]is for the determination of the latitude and longitude 
of the observatory itself.^ 

Fietfanthaler's descrij)tiojr of the observ^atory is as 
follows :— 

“ But a ])lace that deserves detailed descri|)tion is 
that where astrojiomical observatioiis arc^ made : it is 
such a work as is nevei* seen in this part of the world, 
and, by the novelty ajul gi-andeui- of the instruments, 
strikes ojie with astonishniejit.. This large and spacious 
observatory is close to the King's palace, it. is situated 
oji a. plain surrounded by walls and was constiiicted 
es])ecia]ly foi' th(‘ con tern ])lati(m of tin' stars. 

On entering, one first sees tlie twelve figures of 
the Zodiac, all ai’rajiged iji a, laige circle, and made of 
])urest linie. Next are seen diverse sections of the 
astrojiomical sphere, fixed according to the height of 
the pole at the ])lace—with diameters of 12 or more 
J^aris feet, and besides these, some laige and small 
equinoctial dials, and some astrolabes made iji lime, 

' Lcitre-s cdijunilex, eU.*., pp. 

2/Jc’,s Pater Jos( ph Ti( [fenthaler x hisforixch—fjeograjth i.srhe 
Bcschreibnng vun iiinduxl((n, 1785, voi. J, p. -44/'. .French edition 
p. 316/. 
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also a iiieridiaii line and a liorizoiital dial eiigi'aved oji 
a vei'v large stojie. 

“ But what attracts most iittejition is a giuyinon 
{(fj-ts iHHH(fi), ri^markable toi* its height ol Paris 
feet, and foi* its thi(*kne.ss-cojisti’iu'ted in brick and 
lime, situated in the plane of the meridian, with an 
angle equal to the height of the ])ol(‘. On tlie sunimit 
oi this gnomon is a. belvedtu'e, whieJi ovculooks all 
tJie town and is so higli that it makes om' giddy. The 
shadow of this gigantic gnomon falls on a prodigiouslv 
large asti'onomiiad semi('ircl(\ of wliii'h tlu^ horns aie 
turned towards the sky. It. is artistiesdly e,ons1 riU'tcHl 
in whitest lime oi* gypsum, and is graduated in (hgreivs 
and minut(\s. In tin* morning th(‘ shadow falls on tin* 
western (juadrant. and in t lKM‘vening mi that tow ards iJie 
i‘ast. and. as th(‘ gnomon lies between lioth tlie ((uad- 
rants, the sun's altitud(‘ ea.n b(‘ found at any moment. 
A doubl(‘. dial, eonstrueti'c.l also in liime is si‘eji near 
these (juadrants. It is enclosed in a kind of ehaniber, 
on either sid(‘ of Avhicli it is i‘ais(Hh Wdnsi tin' sun 
passes th(' nKUidian a. niy of this stai' enters through 
each ol two holes ])ieiced in a slieet of copjan'. and wlnni 
these rays fall exactly on the middl(‘- of the two quad¬ 
rants, low" in sum HUM' and higher in winter. th.e sun is 
in the meridian sign, and its meridian height is indi- 
(Uited. 

‘‘ The instrinmnits which follow hava^ similar gra¬ 
duations ; there are three very large astrolabes (-ast in 
c>o])])er, sus])ended by iron rings; a (*iicle also of cast 
cop])er. fitted with a rule (or alhidade). and elevated 
at the height of the ])ole, suitahle for determining the 
declination of the sun—for, when you turn this instru- 
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inent towards tlic siuu it will indicate the declinatio)i on 
the ground. 

1 pass over in silejice other less iin])ortant instru¬ 
ments. but a matter which detracts from the value of 
the observatory is that, iji a low situatioji suiTounded 
by walls, the observer caiuiot see the rising and setting 
of the stars ; also the dial, gnomon and other ])arts 
being in lime [)laster ])revent one from making very 
exact observations." 


Ilesloraiions. 

The tiaipur observatory, [)eing situated iji the palace 
})i'ecinc.ts. ha,s been carcd’ully j)i’es(‘rv('d. and has been 
added to from time to tijne. Possibly the Hasj Valaya 
was added aft(M‘ rlai Singh's reign, and ])()ssibly some 
of the bi’ass instruments were brought fi’oin tli(' Del.lii 
observatory, but we have no dii(‘('t iiiforniatfon on 
th(‘St' points. Some additions app(‘ai“ to liav(‘ been 
made in bSbl. and in ItHH 11 is Highness the ju’i'sent 
Maharaja decided to instore the observat/ory eonijiletelv. 
The s(‘rvi(*es of Jaeiitcmant A. 11. (Jai rett. H. h.. were 
lent and the work was linished in lb()2, in which year 
also Lieutenant (iairett, assisted by Pandit Ihandradhar 
(luleri, projiared and ])ublisheil an accoujit of the obser¬ 
vatory. This account, as far as the des(*ri])tions of the 
instruments ai-e concerned, is an e.xcellent oiie, but the 
parts relating to the history of astronomy are not so 
reliable. It is difficult to judge of the work of restora¬ 
tion, as no reliable account of the observatory before the 
restoration took ])lace is availahle. Colojiel llendlev, 
in 1886, gave a rough plan of the observatory, and 
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a list of tlie instruments,^ bnt not in sufRcient detail 
for purposes of coin])arison.“ 

3. Ujjairf. 

Letiiiido . . . 23 ’ 10' OT X 

. . . 75 ’-Ui'3" IC of ( '-li 

. . . 1,500 f(N'l- 

Ma'Uiot ic r)!‘('liu:ifi()e . 0 ’ 49' F (1015) V’arial ioii [V -3' 

Local {iiiic is 20 miiiulcs 52 scMtouds afU-r .s{iiuclai'< 1 tine*. 

The observatory is sitoiated to tlu' south-west of 
the present eitv in tho piuirter called rlaisingpura, 
on tile north bank of tlo' river Sipra. l^'roin tlu^ Whiti'i' 
Works it is half a mile wc'st. The river bank is cor¬ 
roding away, and aliout a (piarter of a. mile to tlu' east 
of the observatory is s(‘en tlu^ remains of a, well now 
staaidiiig in tlie liver itself. Tli(‘. observatory is 125 feet 
north from the river, and is hardly in dancin' owin^ to 
tliis proximity ; but the drainage about t he obs(U’vatory 
is not under control. There is a small, and, a])parently, 
fr(‘sh nullah, (piite (dose by, and the foundations of the 
Digaiiisa Yantra have already been yiartly worn away. 

The observatory uoav consists of the remains of the 
following instruments:—tlie Sam rat Yantra {A in 
j)late xi), the Narivalaya Yantru (/i). the Digaihsa 
Yantra (EF), and the Dakshinovritti YaJitr\> (CD). 

These are all in a state of ruin. The foundations 
of the Digaiiisa Yantra have evidently moved, and its 
walls are badly cracked. The Dakshinovritti Yantra 

^ London IndodV)lonial Lxhihition in 188(5. Udiidbook af the 
Jciipore Co/iris, pp. 51)452. 

2 The hidian Antiquary (XXXV, 1900, p. 34), criticises the method 
of restoration. 
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is inclined to tlie perpendicular at aji angle of about 
5 degrees. This is possibly due to the faulty structiu'e, 
for the foundations for this heavy mass of imisonry 
seem to be inadequate. The Samrat Vantra is in a 
dilapidated state, and the styles and graduation have 
disappeaj'ed from the Nai-ivalaya. 

Of the Samrat Yantra ojily a, skeleton remains. 
In tb(‘ general plan it. is shown as though complete, 
but p]a.t(‘ XII shows its a,(*tual present state. It is, 
pjactically. ol th(‘ sanH‘ siz(‘ as the one at Benaies, 
and th(* smalltu' one a,t Jaipui'. namely. 22 feih high, 
t.he edg(*. ol the gnomon 171, le(‘t, ajid tlie radius of 
eaeli <)uadraiit 9 feet I ijich. \n 179(.) or thereabouts, 
when Hunter visited Ujjain, the (juadrant.s weie divided 
int.o ghat is aJid subdivisions. From the (dg(‘S of tin' 
(|uadrants, whei(‘ they intersect the walls of the gnomon, 
lines at right angles {GIL EF in plate 111) were drawji 
on th(‘ gnomon. perp(‘ndicular to its (dg(‘. Fr*om (he 
])oints (//, F). \\her(‘ th(‘se lines irnad the edge of the 
gnomon, scab's of tangents were Jiiarhed on the edges. 
All these graduations ha.v(' disap])eai‘ed. 

Dakshinovritti Yantra (' meridian instrument ■) is" 
shown in ])late XII. The masonry woik is fairl\’ 
ijita.ct, but tlu' graduations hav(‘ disaj)|)eaa*ed. Tin' 
instrument, was originally something like that at 
tiaipur. It consists of a wall l\'ing in tlu* meridian, 
and on its east fasu* was a. doul)h' ([uadrant. the ca'ntres 
of which were a.t ])oints Jiear the to]) coiaiers of the wall 
and 25 feet apart. A j)ortioji of one quadrant is still 
visible, engraved in the lime plastei- wath which the wall 
is faced, but this is probably not the original gi*aduation. 
On the ledge below^ the quadrants there arc traces of 
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^ scale of tangents. Oji tlie west side is a flight, of steps 
leading to a narrow platform at the to]). At the south¬ 
west end of this platform is a small ])illar, 2 feet in dia¬ 
meter : ac(‘oiding to liiinter this was '' graduated 
for observing the amplitude of the heavenlv bodies at 
their lising and setting.'’ The graduations have now 
disappeared. At the middle of the ])latfoi‘m, and on 
the east sid(\ is ii small ])roiection of the ])arapet, 2 feet 
41 inches long and deep. On this. Hunter tells us. 
was constriu'ted a horizontal dial." There is no sign 
of this dial now. As alremly ])oi]ited out this building 
is now out of the ])eTpendicula.r and is in som(‘ danger 
of collapse. 

The Narivalaya or ' circmlar dial ' is (‘onstructed on 
the same prijici])le as those at Benares and Jaipur. 
It is situatecl a few feet to tfu^ south of th(‘ Sanuht 
Vanti a. and consists of a cylinder 1-k f(‘et long and J feet 
71 incht's in diameter. Avhose a.A’is is fixed horizontafly 
in thie ])lan(‘ of th(‘ nuufdiaj), th(‘ faces of the (cylinder 
being cut ])arallel to the ])lane of tin' e({uator. In the 
centre of eacli face, and at right angles to it. was an 
iron stvhe round which was a circle graduated into 
(fhalis and sul)divisions. The styles and graduations 
hav(' disap])eai‘ed. 

The Digamsa Yantra is similar to thos(^ at Jaij)ui‘ 
and Benares, ft is situated (juite close to the Samrat 
Yaaitra on the east side and consists of an outer circular 
wall. Jf) feet, 10 inches in diameter and 8 fe(‘t 10 inches 
high. (t>ncentric with this is anothei- wall. 24 b'ct 
4 inches in diameter and 4 feet 0 inches high. Originally 
there was a pillar at the centr(‘, but it has been removed. 
Cross wires were stretched north to south ajid east 
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to west on tlie outer wall. At tbe four ])oirits of the 
compass, in the outer and inner walls, were arched 
0])eniugs, hut nl\ of those in the outer wall, except 
that to tlie west, liave beeji filled u]). The outer A\"alls 
are badly cracked, and a great ])art of the foundations 
is now exposed. This is due to the bad drainage of the 
slope to the river. The nullah that ])a,sses close by the 
Digaiiisa Yantia could easily be diverted. In Hunter's 
time the building was “ roofed with tiles and cam verted 
into the a.bode of a Hindu dcMty/' so that Hiuiter was 
unable to examine its construction. This is of interest, 
as showing that, even in the eighteenth century, the 
instrument was no longer used for astronomical pur¬ 
poses. 

Earlu (Icscripfions. 

There appears to be no i-ecord of any astronomical 
instruments at Ujjaiji, earlier tJian those installed by 
Jai Singh. The da.te of the construction of liis obser¬ 
vatory is uncertain, but it was probabh' between 
A.D. 1728 and A.I). 17‘il. The earliest known descrip¬ 
tion of the Ujjain observatoi’v was l)y the Jesuit priest 
TiefTeuthaler, who trayelled in India, from 1713 to 1786. 
His accoiudJ of th(‘ observatory is as follows : — 

“Not far from there is a. suburb built by HjJksing, 
King of Djepour. a ci-devant governoi' of this ])rovince. 
(Malwa). An astronomical observatory is to be seen 
there, with instruments, made of cement : namely two 
equinoctial dials, one large and one small ; a gnomon 
(axis viaiuJi) elevated accoiding to the height of the 

^ Historisclie—qeograpln.'^vhc Bcschrcibang ran U'ndtislcDiy rol. i, 

24G. 1 ^ 
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pole at this place, and set in the meridian ; and on 
either side of this is a ({uadrant of a ^ijeometrica] circle ; 
also a dial mad(‘- in lime, and a meridian wall \n stone.” 

The only other account of any value is that by Hunter 
(from which we have already quoted), who accompanied 
the Agra Resident's expedition to Ujjain in 1792-9)h 
He briefly describes the iri strum cuts, and he states that 
Jai Singh determined the latitude of Ujjain to be 
10' N., and Hunter himself took ramsiderable 
trouble in verilyijig this result, which he considered 
correct to the minute.^ 

Ujjain. the Greenwich oj India. 

Ujjain (the Oljrjvri of the (1 reeks), or Avanti 
as it was often called, is mentioned in early Hindu 
astronomical works as situat(‘d on the prime meridian, 
and tradition also makes it the centre of astronomical 
learning in India. 

It is one of the most ancient astronomical centres 
in the world and even to the ])resent day is regarded by 
the orthodox Hindu as the (Greenwich of India. It 
would, therefore not be inappropriate if Ujjain once 
more became the centre of Hindu astronomical learning. 

It is doubtful whether there ever was a fixed posi¬ 
tion in ancient Ujjain which was considered as of zero 
longitude. Rather vaguely, the old city of Ujjain— 
to the north of the present city—was meant ; or, it is 
just possible, that Jai Singh considered this y)oint when 
he located his observatory to the south of the present 
city, and that the site of Jai Singh’s observatory is the 


Asiatic Researches V, 1799, p. 194 f. 
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traditional place—but tliis is doubtful. Tf a new obser- 
v^atory is to be located at Ujiain the plan to follow is 
to fix u])on a suitable position and tlien determine its 
longitude and latitude. The map of tli(‘ city and its 
environs in the larger volume should be of helj) : it 
gives the position of Jai Singh\s observatory as approxi- 
mat(‘ly 75' H)' (‘ast of Greenwich, and 2-V 10' IG" 

north of th(‘ eipiator. 


4. Benares', 

Lntitndc . . . IS'iM'ir \ 

Loniiil u(l(' . . . S‘JO'4(i'1" t' oT (!r ■‘iiwirli 

ll(gLiii( ;ii)0\(• sea l(‘\( l ‘>50 t(‘(‘t 
MayiU’l ic (iacliiial ion iv 0 45' (1019) 

Local tiiiic . - iiiiiintcs C> scaa^jids Ixdoo'. 

standiii'd time 

The ol)S(‘rvatorv is situated on the roof of tlu' old 
])art of the building known as the Manmandira. whitdi 
was l)iiilt l)y IMan Singh, a Hajah of Amber who flourished 
at th(' ])(‘ginning of the seventeenth century. (FTe died 
in A.l). If) 11). This building is (ui the west bank of ths< 
(binges, neat' the Maui Karnika ghat, and IJ miles 
south-east ])\ soutb from (»),u^'<^‘ibs (a)lleg(‘. The jiiojxu' 
apju'oach is from th(‘ rivm* front, that from the city 
])eing tlirougli mirrow, unsavoury alleys. Though 
not very architectural in its general ap])earance," writes 
Fergusson,^ (it) has on the river face a balconied 
window, which is a fair and pleasing specimen of his 
(Man Singh’s) age.” 


1 ,4 History of Indinn <niJ Eastn'n Arclrii^dure, vol. ii. ITS. 
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On the roof of the Manmandira, as constructed by 
Man Singh, and a little over a century after it was built, 
Sawai Jai Singh ol Jai])ur placed the astronomical 
instruments that now form the observatory. Some 
time about the beginning of the nineteenth century 
the Manmandira a])})ears to have bt^en enlarged,^ and 
about the middle of the nineteentli. centuiy it was 
restored. 

The general ] )lan of the roof of this part of the building 
(plate XIJI) shows the larger Satnrat Yantra (AA), 
the Narivalaya Vantra, the Chakra Yantra (CT^, the 
J)igamsa \'aiitra. {DD), and the smaller Samrat Yantra. 

On the east wall of A A is a double (juadrant or 
Dakshiiiovritti Yantra, and to the south of A A is another 
Dakshinovritti Ya,ntra, not shown in the ])lan. 

The Samrat Yantra {AA) is of the same type 
as tliose at the other observatories, and is the same 
size as that at Ujjain a,nd the smaller one at Jai])ur. 
Its height is 22 feet inches, the edge of the gjiomon 
is 39 feet 81 inches long, and the radius of each quadrant 
is 9 feet U inches. The edges of the gnomon ajid the 
quadraiits are faced with sand-stone, and the gradua- 
tioiis are carefully marked. On the quadrants every 
half-hour is marked by two inlaid metal discs, the one 
towards the north edge being inscribed in Indian 
characters, while the one on the south is iji European 
figures. Each edge is also graduated into minutes 

^ C\)mpar(‘ Cam])])c*irs drawin" (figure 07 in the larger volume) 
and Prinsep’s drawing. The latter is given in 7iaw/re.s' Illuslratf.d 
by (I serif-s of Jhairinys, ]»y James Prinsep. Ilierci is also a large 
painting of the Mfintiisindira hy Daniell, entit]e<I The (that, at 
the Asiatic Society of J^cii^al, Calcutta. 
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and quarter minutes ; and also into degrees and tenths 
of a degree. The edges of the gnomon are graduated 
with the usual tangent scales. A comparison between 
a drawing made about 140 years ago (figure 67 in the 
larger volume) and a recent photograph shows that 
very little alteration has been made. 

On the east wall of the gnomon are two graduated 
quadrants, used as a Dakshinovritti Yantra or meridian 
instrument. Each quadrant has a radius of 10 feet 
7 inches. The shadow of one of the pins (fixed at the 
top of each quadrant) gives the zenith distance at noon, 
and zenith distances of other heavenly bodies could be 
observed directly, by moving the eye along the a})pro- 
priate quadrants. Under these quadrants is a platform 
(shown in the plan) for the observer. Ap})arently, 
in 1776, these (juadrants were not in existence, but 
according to Pandit Bapu Deva Sastri they were there 
in 1865. 

The other Dakshinovritti Yantra is a self-contained 
instrument, consisting of a wall lying in the meridian, 
on the east face of which are two (juadrants, each of 7 
feet 9 J iiiches radius. vSir Robert Barker in 1777 sU«ied 
that the (juadrants were of different radii, the larger 
of which he judgiMl to be '20 feet. If his descri])tion 
be coriH'ct, the instrument must have been entirely 
rebuilt later on, possibly wheai the Manmandira was 
added to. 

The small(w Samrat Yantra calls for little remark. 
It is 8 feet 6 inches high, and the radius of the quadrants 
is 3 feet 2 inches. If the early drawiiig is correct, 
the instrument has been moved from its (jriginal 
position 
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The Narivalaya (‘ circular dial ’), or Uttara- 
dakshiiio Cola (north and south dial), is a cylindrical 
dial—the axis of the cylinder pointing north and south, 
and the northern and southern faces being parallel to, 
the plane of the equator. At the centre of each face, 
and at right angles to it, is a short iron style surrounded 
by two circles—the outer one (on the northern face) 
graduated in hours, etc., and the inner one in ghafis, 
etc. Besides serving as an ordinary dial the instru¬ 
ment marks the equinoxes, since the northern face can 
only be used for sun observations when the siui is north 
of the equator. The inscri])tion on the instrument 
reads :—“ Narivalaya Dakshin and Uttra Cola. The 
use of this instrument is to find, whether the heavenly 
bodies are in the northern or souther]! hemisphere. 
It gives time also.’’ 

The Digamsa Yantra (‘ azimuth instrument ’), 
marked DD in the plan, is the large circular building 
at the east of the terrace. The exterior diameter is 
feet, the outer wall is 8 feet i inches high and the 
inner wall and central pilhn* are each 4 feet 2 inches 
high, and an iron rod fixed to the central ])illar is of the 
same height as the outer wall. The to])s of both walls 
were originally graduated into degrees, etc. ; and cross 
wires were stretched north to south and cast to west 
on the outer wall. The use of the instrument is to 
measure azimuths or horizontal angles, but it is now 
of little practical use, owing to its being surrounded on 
all sides but one by buildings. 

To the south-east of the Digariisa Yantra there used 
to be another dial, whose diameter was G feet 2 inches. 
It was on a platform slightly higher than the terrace, 

K 2 
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and approached by steps. At the present time there 
is no space to accommodate such an instrument and 
CampbelFs drawing of 177‘^ shows no such instrument. 
However, Williams inentioned that it had been excluded 
from Campbell’s drawings,^ and it was mentioned by 
Hunter in 1797 and by Pandit Bapu Deva Sastri in 
1HG5. 

The Chakra Yantra is shown in the plan at CC. 
It is an equatorial, and was common to most mediaeval 
observatories. It consists of an iron circle (declina¬ 
tion circle) 3 feet 7 inches in diameter, one inch thick 
and two broad, faced with brass, on which degrees 
and minutes are marked. The circle is fixed so that 
it can revolve round an axis parallel to the earth’s axis. 
At the southei ii extremity of this axis, and on the pillar 
which suj)])orts the instrimient, is a graduated circle 
(hour circle) in the plane of the equator. There is ]io 
])ointer for tliis hour circle, and, according to Hunter, 
there was none in 1797. Attached to the centre of the 
declination circle is a sighter, consisting of a hollow 
brass tube (figure 68), but this is comparatively new. 
Hunter wrote: “Observations with this instrument^ 
cannot have admitted of much accuracy, as the index 
is not furnished with sights ; and the pin by which it is 
fixed to the centre of the circle is so prominent, that 
the eye cannot look along the index itself.” 

The sighting arrajigement is fixed to the big circle 
by a pin, and this pin is fixed by a cotter or wedge, 
shaped roughly into some semblance of a horse’s head. 
In the section on the astrolabe it was stated that the 


1 Phil Trails. Roital Soc. 1793, i. 45, 
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Arabs called such a wedge jaras horse ’), and that 
in mediaeval Europe it was generally made into some 
semblance of a horse’s head. “ Thorw which 
wrote Chaucer,* “ ther goth a Lite] wegge which tliat is 
cleped the hors that streyneth alle these ])arties to 
hepe.” There is evidence to show that the horse 
shaped design of the wedge was brought to India by 
the Muslims, and the examj)le on the Chakra Yantra is 
iiiterestijig as evidence of the ])ersistence of a tradi¬ 
tional design, and in some degree as evidence of the 
ultimate source of the design of Jai Singli’s instruments. 

* 

History. 

The Manmandira was built about the beginning of 
the seventeenth century. Campbell's drawing of 1771], 
the Asiatic Society painting {circa 1794), Prinsep’s 
drawing of 1825, and recent ])hotogra])hs eiiable us, 
to some extent, to trace the additions and alterations 
made. The part of the fa 9 ade that is directly uJider 
the observatory belongs to the oldest part of the build¬ 
ing, and that ])art that has no balconied windows is 
com])aratively new. The fine window on tlie extreme 
north of the building was given by Prinsep in his illus¬ 
trations of Benares, and has been described by F'ergus- 
son and Havell. 

The astronomical instruments were added by Jai 
Singh about A.l). 1757.^ The date is not (lertaiji, and 
nearly every writer gives a different one. Sir Kobert 


* A Trealifie on the A stroUibe^ i, 14. 

* This is the date giveu by Williams, who, on all jjoiiiis that can 
be verilied, is extremely reliable. 
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Barker, who was almost a contemporary of Jai Singh,^ 
said that the observatory was built by Akbar ; Prinsep 
wrote : “ Tlie building was converted into an observa¬ 
tory by Jysing, A.l). 1G80 ” and refers to a supposed 
description of it by Tavernier another writer gives 
A.D. K)9‘5 and another 1700. Father Bondier who 
visited Benares in 1734 and made astronomical obser¬ 
vations tliere makes no mention of the observatory. 
Jai Singh himself tells iis that, in order to confirm the 
observations made at Delhi, he constructed instruments 
of the same kind at Ja,i])UT, Matli ura, Benares and Uj jain; 
and the Delhi observatory was ])robably built about 
1724 ; that at Jai])ijr was built in 1734, and AVilliams’ 
date for the observatory at Benares, 1737, may be 
accepted. 

Earhf Descripiions. 

Ii\ A.D. 1777^ Sir B(>])ert Barker, who was for a 
short time Pommajidei-in-Chief in Bengal, published a 
description of the insti'iiments. together with a perspec¬ 
tive drawing of the observatory as a whole, and detailed 
drawings of tlu^ Samint Yantra, done by Lieutenant-^ 
Colonel Cam])belL Chief Engineer of the Company’s 
service. This drawing shows that the main features of 
the observatory are the same to-day as they were 
nearly a centuiy and a luilf ago. There are apparent 
differences, but some of them may be due to the 
nature of the drawing : e.g., the Narivalaya and the 


^ Sir Rol)erl l^arkor lived from 1729-1780, and went out to India 
in 1740, six years after Jai Sin^^h’s death. 

* Tavernier died in 1080, tliree years after Jai Singh’s birtli. 

® Sir Robert Barker left India in 1773. His notes and the 
drawings were probably made in 1772-73. 
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small Samrat appear to have been displaced slightly; 
the wall that sup]:>orts the east (jiiadraiit is difl'erent 
in detail ; there are no graduated quadrajits on the 
east wall of the gnomon ; the edge of the plinth, on 
which the larger Samrat stands, has changed its 
alignment; and, in the drawing, no plinth at all is 
shown for the other instruments. From the notes of 
Williams and Hunter it appears tliat the drawing 
is somewhat iiicorrect, or, at ajiy rate, misleading for 
the south-east corner of the terrace, for it shows no 
trace of tlie second Narivalaya described by them. 

Sir Jiobert liarker’s account of the Benares obser¬ 
vatory was of the Jiature of a communication to the 
Royal Society, London. Further inforjnation seems 
to have been asked for, and this was su])])lied by Mr. 
J. L. Williams of JLmares in A.i). 1792, who recorded 
very careful measurements and added some interesting 
details as to the history of the place. He writes: 

The area, or space comprising the wliole of the 
buildings and instruments, is called in Hindoo, 
Maun-niundd ; the cells and all the lower ])art of the 
area, were built jnany years ago, of which there 
remains no chronological account, by the Rajah 
Mansing, for the repose of holy men, and pilgrims, who 
came to perform their ablutions in the Ganges, on 
the bank of which the building stands. On the top 
of this the observatory was built, by the Rajah 
Jetsing, for observing the stars, and other heavenly 
bodies ; it was begun in 1794^ Sanibat, and it is said 
was finished in two years. The Rajah died in 1800^ 


1 A.D. 1737. 


2 A.D. 1743. 
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Sainbat. The design was drawji by Jaggernaut and 
executed under the direction of Sadashu Makajin ; 
but the liead workinaji was Mahon, the son of 
Mahon, a ]) 0 t maker of Jepoor/’ 

In f Hunter gave a brief description of the obser¬ 
vatory, su])plenient.ary to the previous accounts. He 
s])eaks of the accuracy of Mr. Williams’ measurements 
and ex])lains some of the terms used ; and clears up one 
or two other ])oints. In 18d8 Sir Joseph Hooker made 
excellent drawings of three of the instruments, and in 
his diary records^ thatthe observatory is still the most 
interesting object in Benares, although it is now dirty 
and ruinous, and the great stone instruments are rapidly 
crumbling away.” The only other descriptions it is 
here necessary to mention are those by Bandit Bapu 
Heva Sastri and Ijala Chinian Lal.^ 

Of ])revious restoratiojis we know very little. 
Sherring states that the Jkahmans “ were utterly 
careless ” about preserving the instruments. Accoi'ding 
to Ha veil, the Manmandira was restoied in the middle 
of the nijieteenth (nmtury. In 1912 the preseiit Maha¬ 
raja. of Jaijiur ordered the com])lete restoration of the’*’' 
instruments. This work was very thoroughly dojie 
uiuh'i’ the diiection of the court astronomer, Ihindit 
(lokal (liaiid. 

The observatory at Bejiares has long since ceased 
to be used foi’ ])racti(*al ])ur])oses. The Bralimans 
co]isulted by AVilliains in 1792 all agreed tliat it 
never was used for ajiy nice observations.” Its 

^ HinLaldjjnh Juuni(/L\ 1834, j)|). 74—77. 

^ See the bibliography on page 94. 
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present situation, surrounded on most sides by 
buildings, is not ideal for astronomical ])ur])oses; 
and the instruments are, of course, vciy crude 
compared with those in modern observatories. The 
value of the observatory is chiefly historical ; it is a 
monument to one of the brightest intellects of India ; 
and it illustrates a very interesting phase of the 
history of astronomy. It might have anotlier value 
if advantage were taken, namely an educational one ; 
for the demonstration of the elements of practical 
astronomy a better set of instrumeJits could hardly 
be devised. But, apparejitly, astronomy is no longer 
studied at Benares, Ujjain and Jaipur. 



CHAPTER XL 
Historical Perspective. 

To enable us to ])lace the uiatcrial collected in its 
})ro])(‘.r historical ])ers]>ective it is necessary to survey 
briefly the develo])inent of astronomical science, as it 
afTex’.tcd Jai Singles work. 

Of Jai Singh's theories we have but little information : 
tradition has allotted to him the whole Ptolemaic theory, 
and ])ossibly he acce])ted it without (juestion, but he 
must have been accjuainted with the teaching of Kepler, 
Galileo and Newton, for he possessed many European 
works. Tlie topics he dealt with arc outlined in the 
preface to the. Zij Muhammad Shdhl. Principally 14^3 
was concerned with the design of instruments and 
})ractical observation, with a view to the ])reparation of 
a catalogue of the stars, etc. His bent was practical, 
and he was particularly anxious to eliminate instru¬ 
mental errors. 

These points have been illustrated in the foregoing 
cliapters, which also have indicated, incidentally, 
the sources from which Jai Singh obtained his astro¬ 
nomical notions and inspiration for his methods. There 
is not the slightest doubt as to the main influence that 

66 
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directed^ liis activities—it was that of the Muslim 
astronomers of the type of Ulugh l^eg ; hut it is still 
popularly sup])Osed that Jai Singh’s work was, j>nn(‘i- 
pally, if not wholly, of Hindu origin, and ])revious 
writers have helped to strengthen the notion. Sir 
William Jones was one of the first to give this impres¬ 
sion ; Hunter was also misleading in a negative way, 
and more recently (hirrett’s (otherwise most excellent) 
book is also somewhat misleading on historical matters. 
It is necessary, therefore, not only to trace Jai Singh’s 
theory and practice back to their ]n'0])er sources, but to 
examine the ])ossible connexions between his work 
and the traditional Hindu theory aiul ]>ractice. 

For purposes of ex])osition it is convejue'jit here to 
speak of the influence of three schools of astronomy : 
(i) Hindu, (ii) Muslim and (iii) European. Jai Singli 
was, to some extent, in contact with all three, and it is a 
matter of considerable interest to determine the (juality 
and quantity of their influence on him. Although 
he actually lived in the seventeenth and eighteenth 
centuries of our era, the influences that directed his 
activities were mediaeval : little advance had been 
made by the Hindu and Muslim schools for cejituries, 
and the advances in Europe were too recent to be fully 
appreciated. 

Hindu Astronomy, ^ 

There is a certain amount of very interesting mytho¬ 
logical astronomy recorded in the Vedas, but the earliest 

* The following notes attempt to give, very briefly, only a fair 
notion of Hindu astronomy. No attempt has })een made at eom- 
pletoness. For further information reference should be made to my 
History of Hiridu Astronomy. 
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lorina.l Hindu astroiioiiiical works are the Jyotisha 
Veddhga and the Surya Prajna])1i, the latter of which 
exhibits a strange cosmography (with two suns, two 
moons, etcd), while both have the crude elements of a 
scientific astronomy. These works are of considerable 
historical interest: they show little, if any, Greek 
influence. 

Soon after the beginning of the Christian era the 
traditiojial astronomical system in India was largely 
discarded, and the system in vogue in the Greek schools 
was im])orted and assimilated. In the Pduclui Sid- 
dlidnfikd of Varalia Mihira we have, possibly, summaries 
of two western books—the PauUsa and Romaka Sid- 
dhdnias, but, quite apart from this, there is abundant 
evidence to show, not only Greek influence, but, (jJreek 
domination. The representative Indian work, that 
exhibits the astronomy of this period, is the Surya 
Siddhdnla. In its original form this work was ])robably 
composed about A.D. 400, and the receJisioii now in 
use about A.i). KfOO, Since then very little attenij)t 
at advance luis been made. The orthodox stiU acce])t 
the Surya Saldhdulu a,nd sijiiilar works as authoritative. 

Such iire the tacts, but there has been an extra¬ 
ordinary amount of misconce])tion current. According 
to Hindu tradition f.lie Surya Siddhduta was com])osed 
some millions of years ago.^ Bailly, towards the end 
of the eighteenth c.entury, considered that Indian 
astronomy liad been founded on accurate observations 
made thousands of years before the Christian era. 

^ Tho astronomical notions of the early Christian writers were 
often far more absurd. 

* Surya Siddhantu, i. 2-3. 
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Laplace, basing his arguments on figures given by 
Bailly, decided that some 3,(KX) years B.C. the Indian 
astronomers had recorded observations of the ])lanets 
correct to one second ; Idayfair^ sn})ported Ihiilly’s 
views ; Sir William Jones argued that correct obser¬ 
vations must have been made as early as 1181 B.C. ; 
and so on ; but, with the researches of Bentley, 
Colebrooke, Weber, Whitney, Thibaut and others, 
more correct views were introduced ; and it has long 
been known that the figures used by Bailly are 
comparatively modern. 

Vedic astronomy is more poetical than exact, and 
it is of interest, apart from its poetic value,^ chiefly 
as a subject of controversy. Certain scholars, e.g.^ 
Tilak, Jacobi, Dikshit and others, argue, from rather 
vague astronomical premises, partly based on the texts, 
an extreme antiquity for the Vedic writings ; others 
do Jiot accept their views.^ 

The Vedic year was 12 months of 30 days each, 
with an occasional intercalary month, “ the thirteenth 
month fabricated of days and nights, having thirty 
members.”^ There is no indication of any definite 
cycle. The year was also divided into two equal 
courses or ay anas, a northern course or Uttardyana 
beginning at the winter solstice, and a southern course 
or DaksJiindy beginning at the summer solstice. 

^ Afterwards both Laplaco and Idayfair recanted. 8ee my 
History of Hindu Asirono^ny, §3. 

2 Many of the ‘ astronomical ’ hymns of the Rig Veda are 
('xce(!(hngly beautiful. See my Hindu Astronomical Deities. JASB, 
1919. 

3 See my History of Hindu Astronomy §§ .32 and 80, where the 
extremely interesting views of Jacobi and Tilak am discussed. 

* ^dtharva Veda^ XIII, 3®, 
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In the Rig Veda only two or three asterisms are 
mentioned but in later Vedic texts complete lists of 
the 27 or 28 nakshalras are given. ^ These early lists are 
headed by KriUikd which marked, it is believed, the 
vernal equinox of the Vedic year ; and this is a founda¬ 
tion, although not a very secure one, for Vedic chrono¬ 
logy. If the vernal equinox was marked by Krittikd, 
and, if by Krittika the constellation of the Pleiades 
was meant, then the period of fixing this was about 
2350 B.C., when the vernal equinox was approximately 
of the same longitude as Alcyone (tj Tauri), the brightest 
of the Pleiades. 

Other parts of the Vedic texts have also been used 
for the pm’]iose of establishing their great antiquity : 
c.r/., Jacobi attempted to prove that the Vedic year 
commenced with the summer solstice. His arguments 
are based on the following somewhat doubtful rendering 
of a verse of the ' Frog llyinir:— 

“ Those leaders of rites observe the institutes of the 
gods, and disregard not the season of [the twelfth 
month] : as the year revolves and the rains return, 
then scorched and heated they obtain freedom.” 

i)iksliit,2 from a passage of the Rrahmanas [SB it, 
], 2 fixes the age of its composition at 3000 B.C. 
The words “ They (the Krittikas) do not move from 
the eastern quarter while the other nakshalras do 
move from the eastern quarter ” he takes to mean, 


1 Mucli lias boon written about the vaJeshafras or divisions of the 
(‘cliptio. Tiny liavo boon usually identified with certain constella¬ 
tions, but recent researches seem to show that tliey wore rather 
conceived as divisions of the ecliptic and not connected with parti¬ 
cular constfdlations. See my History of Hindu Astronomy^ §26, 
^Indian Antiquary, 1895, XXIV, p. 245, 
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definitely, that the Pleiades were always on the equator ; 
and he writes “ In my opinion the statement conclu¬ 
sively proves that the passage was composed not later 
than 3000 B.C.” Many other similar interpretations 
have been striven after. 

In Vedic texts no definite mention is made of the 
planets, although much ingenuity has been exercised 
in interpreting the texts otherwise. There are possible 
references to eclipses, which Ludwig, with some skill, 
has attempted to identify. 

The Jyotisha Vcddnga^ and the Suryaprajnapli con¬ 
tain the earliest formal astronomical statements. The 
former introduces the five-year cycle of 1830 apparent 
solar days. The year was tropical in theory and con¬ 
tained 366 apparent solar days, and was, therefore, 
much too long. There were 27 nakshatras, each sup¬ 
posed to occupy = I3J degrees of the ecliptic, 
and each nakshatra was considered to be divided into 
124 equal divisions, or amias. 

The five-year cycle appears to have commenced 
with the winter solstice, and Sravishtha is said to have 
marked the beginning of this cycle, and also the begin¬ 
ning of the suirs progress, and also the winter solstice— 
all of which are in agreement. If Sravishtha is to be 
identified with a, y and S Delphini (as it usually 
is), then it marked the winter solstice about B.C. IIOO. 
But a list of nakshatras given in the text begins with 
Asvini, which is supposed to have marked the vernal 
equinox about the beginning of the Christian era. The 

1 Veddnga is the name of certain works, or classes of works, 
regarded as auxiliary to the Veda, They are generally coasidered 

of a later date, 
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Vedanga states that, during the northern progress of 
the sun, the days increase in length at an even rate of 
1 *57 minutes a day, or 4 hours 48 minutes in six months 
of 183 day8^: the northern and southern progress are 
considered equal. 

The Suryaprajnapti is a Jain treatise on astro¬ 
nomy that is similar in many respects to the Jyotisha 
Vedanga. The Jainas held the old Indian idea of the 
heavenly bodies revolving round mount Meru, and, 
as a corollary to this, they conceived two suns, two 
moons and two sets of constellations. The five-year 
cycle began with the summer solstice, with the sun in 
Pushya, and Thibaut thought this was a correction, 
from actual observation, of the older Vedanga. Another 
point of difference was the employment of 28 nakshatras 
of unequal extent, and this altered, theoretically, the 
])ositions of the nakshatras — in some cases to a very 
considerable extent, and makes our estimations of the 
periods in which these works were composed very 
uncertain. 

The characteristics of this period are :— 

^ X 

The five-year cycle, with a year of 366 days. 

The division of the ecliptic into 27 or 28 nakshatras. 

Equal daily change in the length of the day. 

Omission of any explicit reference to the planets. 

Varaha Mihira and others, about A.D. 550, made 
popular new ideas borrowed from the west : they 
remodelled the Hindu astronomical system on Greek 

^ An increase of 41 hours eorrosponds to a latitude of about 
:i(>° N., the ()bli(iuity being taken as 23^ degrees. For a greater 

obliquity it would be further north, 
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lines. The Greek names of the signs of the zodiac 
were adopted, and tlie seven-day week introduced; 
many (heek astrological terms and some (h-eek mathe¬ 
matical terms were a(lo])ted without cliaiige. Practi¬ 
cally all the Greek astronomical theories were taught 
and the Vedanga astronomy was largely discarded. 
Varaha Mihira’s astrological works (U)jita,in numerous 
Greek tecluhcal terms and slvow, umnistakahly, Greek 
ijifluence. His great astronomical work, the Fdncha- 
siddhdHiikd, consists of summaries of the Paitamaha, 
Yasishlha, Poinaka,, Paulisad a.nd 8a.nra. Siddhantas. 
“ The Siddlianta, inach' l>y Paulisa, is acxmrate, near 
to it is the Siddhanta. procla.imed by llomaka, more 
accurate is Savitra and the two remaining ones are far 
from the truth." Tlie summary of the PaUdmaha 
Siddlidnfa exhibits the teaching of the Vedanga stage 
but adds the epocdi of 2 Sfika (=-A.D. 80). The 
Vdsishijta Siddhdnlit appears to represent the transition 
stage. It alters th(‘ longest dap rule and ijitroduces 
shadow calculations, and the lag tut or ‘ rising sign ’ 
notion ; while tlie other tJiree inti*oduce, unequivocally, 
the (deek teachiiig. Tlie main characteristics of the 
Bow aka SidtUalnfa are— 

(a) A cycle of 2850—19 x 150 years, perhaps based 
on the Metonic cychx 

(h) A year of 205'* 5'‘ 55"‘ 12^, which is exactly 
the tro])ical year of Hi])])archus. 

(c) The epoch of P27 Saka (—A.D. 505). 

(d) Omission of mention of ejiicycles. 

^ AlblrfinT writes (i, IHli) : “ Paiili^a-iSiddljanta, so called from 
Paiilisa the Oreck, from tlic city of Samtra, wliioh 1 suppoBo to be 
Alexandria.” 
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The Paulim Siddhdnta gives the elements of mathe¬ 
matical astronomy and in particular introduces trigono¬ 
metrical functions and a table of sines agreeing with 
Ptolemy’s table of chords. 

The Surya Siddhdnta is probably the best known 
astronomical work of the Hindus. The several sections 
of the accepted to^xt^ relate to— 

1. The mean motions of the planets. 2. The true 
])laces of the ])]anets. The gnomon. 4. Eclipses. 
5. Plajietaiy conjuiictions. G. Ast/crisms. 7. Heliacal 
risings and settings. 8. Instruments. 9. Time, Cos¬ 
mogony. 10. Astrology. 

The tojhcs dealt with in most of the later Hindu 
works are fundament,ally the same as those of the 
Surya Siddhdnta. and the followiiig notes a])])ly, fairly 
gemnally, to all these works. The earth is cojisidered 
as a fixed unsupported sj>here, round which the other 
lieavenly bodies revolv(‘. Its diameter is given as 
1,000 yojanas, and the distajice of the moon as 
51,570 yojanas, or roughly the same relative distance 
as Ptolemy gives (011 radii of the earth). The 
distances of the other ])tanets are calculated on -^he 
assumption that they move with equal velocities. 
The equation of the centre of a planet is calculated by 
assuming epicycles. A cycle of 4,‘120,000 years is em|)loy- 
ed. The precession of the equinoxes is explained as a 
sort of libration, within limits of 27 degrees east and 


^ Varaha Mihira’s summary of this work differs in some details 
from the text now in use, e.r/., the length of tlui sidereal year in the 
two works is : Old Surya Siddhaiita 12 30^ modern 

iSurya Siddhiinta h*' 12*“ 3f)*r)()'*. The text now accepted possibly 
dates from about A. 0. 1000, while the earlier limit for the original 
^urya Siddhaiita is about A.D. 400. 
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west of a fixed position at a rate of 54 seconds a year ; 
and the obliquity is generally reckoned at 24 degrees. 

A great many interesting topics must be omitted 
in this brief sketch of Hindu astronomical theory. 
Aryabhata taught that the eartli rotated upon its axis, 
and a proper explajiation of ecli])ses, but was not 
approved. The works of Brahmagupta and Bluiskara 
have considerable interest in matters of detail, but do 
not differ fundamentally from tlie Sflrija Sidd/idnfd. 
Indeed, since the time of composition of this work there 
has been practically no alteration of fundamental 
inqiortance in the Hindu tlieory. 

At the pres('ut time tlu^re are tliree schools of astro¬ 
nomers : (i) Tli(‘ 8a,ura-])aksha, (ii) the iArya-])aksha, 
(iii) the Brahma-paksha ; and these only differ^ in 
matters of detail. For exam])le, a distimd-ive feature 
is the length of the year- em])loyed. These are — 
(i) Sa(nv-j)(fL'^h(f yc«ar 2)()5'‘ ()'‘ 12"' 3()'r)(r. (ii) jrya 
pa/r.s‘7/a year .305'* G*’ 12"' 3(/. (///) Bi'dlinia-palshd jqxiy 

365 ‘^ 12 ™ 30 - 915 ^ 

The only instruments of practical utility for astro¬ 
nomical pur])Oses described in ancient Hindu works are 
the sun-dial consisting of a vertical gnomon, and the 
clepsydra. Ki\ armillary sjdiere is also described as 
an instrument for purposes of demonstration. The 


^ Really tlu’; clifTcrontiation ia a n:eo^ra])liical one. Tlie Surj/rf 
Siddhdnia is tlu‘- standard authority in tlie .greater jiart of India, 
but the first Arya-Siddhdnta is the aiitliority in tlie: Taniil and 
Malayalani countries of Southern India, while Brahmaguiita is 
followed in (Jujarat, Rajputana and North-West India. 

“ Theoretically, at least, the year is a sidereal one, Imt there is 
some vaginaiess, and there are no records of the methods by which 
the results were attained, 

T 2 
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only Hindu instrument of any antiquity actually 
found is a clepsydra consisting of a metal bowd floating 
in a vessel filled with water. There is no trace of 
any early Hindu observatory. 

Muslhn A stronom y. 

The Muslim astronomers frankly acknowledged 
their indebtedness to (lre(‘k writers. Indeed they were 
to some extent the dir<M‘.t successors of the (Ireeks in 
intelh'ctual matters^ and tlie historical ])roblems of 
their astronomy are much less com])licat(^d than is the 
case witli the Hindus. In the middle ages they were 
the foremost astronoimns of the world. They accepted 
the fundamenlal featur(‘s of the Pt.olemaic system 
ol the universe. They were aware of the precession 
of the eqninox(‘s. and discovered th(‘ slight movement 
of the apogee of tlie sun, and also they ])erceived the 
variation in the ()bli(juiiy of the ecliptic. They dis¬ 
cussed the ■|)()ssibility of the earth rotating on its own 
axis, but generally rejectiHl the theory. 

They fully realised the necessity for methodical 
observation, and in ])ractical astronomy, they excelled 
the Hindus and Kuro])eans of their time. The first 
series of regular observations, with the aid of fairly 
accurate instiuments, appears to have been made at 
Gondeshapur, in the south-west of Persia, in the first 
years of the ninth century of our era. During the 
Califiate of al-Ma’mun (A.D. 813-—at the observa¬ 
tory at Baghdad, all the fundamental elements of the 

^ Possibly tliey owed something to India also. Hoe my History 
of Hindu Aslrononiy, §4(i. 
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Almagest were verified—tlie obliquity of the ecliptic, 
the precession of the equinoxes, the length of the solar 
year, etc. A measurement of an arc of the meridian 
in the region of Palmyra was also carried out during 
the same period, and similar observations continued 
to be made throughout the Muslim world until the 
middle of the fifteenth cejitiiry. The observatory at 
Cairo was foiiiuled in the tenth century, and the obser¬ 
vations there were recorded in the ‘ Hakimid Tables.’ 
In Persia an observatory was founded, in A.D. 1074, 
at Naisabiir, and there, in A.D. 1118, al-KhazinI 
coni])lied his ^ Sanjaric Tables.’ In 1250 a great observ¬ 
atory was founded at Maragha in North-West Persia, 
and there Nasir al-Dm-Tusi (mentifmed by Jai 
Sijigli), prepared his famous ‘ Ilkhanic Tables.’ 

I’he practical view ta.ken by tlie Muslim astronomers 
led to attempts to inqn-ove the instruments in use, and 
to the design of others. 

With Ulugh Beg, the grandson of Tamerlane, the 
study of scientific astronomy throughout the Islamic 
world ceased. He Jdimded a large observatory at 
Samar(jand, to which he summoned such renowned 
astronomers as Jamshid al-Kashi (mentioned by Jai 
Singh), Kadi Zade, al-BumT, ‘All al-Kus]i, and others, 
lie undertook a complete revision of the catalogue of 
the stars—based upon direct observation—and himself 
wrote a preface to the tables, a few months before he 
perished by an assassin’s hand. Jai Singh professedly 
followed Ulugh Beg in his astronomical work. 

The names of many Muslim astronomers of the 
middle ages, such as Ibn Soia or Avicenna, al-Biruni, 
Omar Khayyam and Averroes, are well known. 



78 A GUIDE TO THE OLD OBSERVATORIES 


European Astronomy. 

In Euro|)(\ after the death of Ptoleray in the second 
century of our era, very little advance was made for a 
tliousand yeais. Tiie Christian church often opposed 
scientific enligliteiunent, and sometimes ])ersccuted 
tliose who sought it ; and the ])atristic writings contain 
the gross(‘st of astronomical absurdities. 

Put, a,l)oui. th(* thirteenth ceJitury, sounder opinions 
began to prevail, and in the early ])art of the sixteeiith 
canitury Co|)ei‘nicus wrote his I)c R.iu\)latlonihuH Orbiam 
(U)dvsliinn. Tyclio Brainy Kepler, ajul Galileo ])receded 
Jai Singli by about a century. (Jreenwicli observatory 
was f()iind(‘(l som(‘ forty y(‘ars befoi’c that at Delhi. 
N(‘wt/Oirs Prhicipla was written at the time of Jai 
SiiiglTs birth ; Huygens died a few years later ; Flam¬ 
steed’s catalogue of stars was first ])rint('d in lf)88; 
llall(‘v, in 1705, ])re(licted the ref-urn of the comet 
named after him ; the aberraf-iofi of light was discovered 
in 17*J7. Jai Sijigh. succeeded to the Amber territory 
in 1()09. a,11(1 the Delhi observatory was built about 
17:^1. ^ 

Tlie Fui'opeaJi iustiunKUits, at the b(‘giiiuijig of the 
s(‘\'(‘nteenth century, were, in ])rijici})le. much the same 
as those used by the (Jreeks a.nd Arabs. Tycho Brahe^ 
(15l()-l()01) had several sextants and (juadiiints, a 
pa-i'alhicticuni and arniillary circles; Hevelius (1011- 
1()87) luid a somewhat smaller battery of similar instru¬ 
ments ; and Flamsteed (1016-1720) used a (quadrant 
of J feet and a sextant of 6 feet radius. 


^ 8oe Dreyer's Tycho Brahcj xii, 315 ff. 
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The telescope was used for the general observation 
of heavenly bodies in 1609 by Galileo, and telescopic 
sights were first systematically used about A.D. 1667. 
Gascoigne was probably the first [circa A.D. 1640) to 
introduce these, and he also invented a micrometer. 
Hevelius introduced the vernier and tangent screw ; 
Flamsteed used cross wires in the eye pieces of his 
sighters ; Galileo had used a pendulum for short time 
measurements; Huygens devised a pendulum clock 
(1656), and Jean Picard (1620-1682) introduced regular 
time observations at the new observatory at Paris. 
J. 1). Cassini (1625-17 P2), it is stated, devised schemes 
(never realised) for the construction of gigantic instru¬ 
ments. 

The three schools comj)are(l. 

The Hindus, Arabs and Europeans all derived the 
fundamentals of their astronomical science from the 
Greeks. It was the Hindus who first ])rofitcd by Greek 
ex})erience, then the Arabs and lastly the Europeans. 
The last, indeed, obtaijied their knowledge of Greek 
astronomy ])rimarily through the Arabs. 

When we examijve carefully the methods of the 
several schools we find somewhat marked differences. 
Even among the Greek astronomers (e.g., Ptolemy 
himself) there was a distinct tendency to work only 
on the observations recorded by their predecessors, and, 
in the laier (Jreek schools, there was a consequent 
neglect of observational astronomy. With the Hindus 
this tendency was emphasised to a remarkable extent, 
and practical work was neglected almost completely. 
The instruments they describe are cither for purposes 
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of theoretical calculations, or for purposes of demonstra¬ 
tion. They built no observatories and they made no 
systematic records of observations. 

The Arabs and other Muslim astronomers took an 
entirely difl'erent line. They recognised the value of 
practical observatioji; they built observatories and 
devised improvements in the instruments, and set about 
verifying and correcting Ptolemy’s elements ; but they 
hardly suspected the need for a re-examination of the 
Greek theories. 

The European astroJiomers were, perhaj)s, ]iot quite 
so bound by traditioji as were the Hindus and tlie Arabs. 
Tile death of tlie Ptolematic tlieory and the invcjition 
of the telescope gn.ve a great ini])etus to research, and 
the European astronomers largely discarded the methods 
of their predecessors. They recognised tlie inevitability 
of observatiojial error, ajid devised means to counteract 
it; they were forced to comsider, as of great inqiortance, 
facility of observation, and gradually they devised 
instruments of types unimaginable to their Arabic 
teachers. n 


The evohf/ioN oj Jai Hiu(jh\s iHsltiniieuLs. 

The history of the evolutioji of Jai Singlfs astro¬ 
nomical instruments would, if it could be recorded 
ste]) by step, be of great interest ; but detailed descrip¬ 
tions of the larger Muslim instruments are ]iot generally 
available, a,nd we must, lor the ]>resent be content 
with general indications of the lines of development. 
Generally sjieaking, Jai Singh’'; instruments are copies 
of, or direct developments from, those used by Ulugh 
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Beg and his predecessors and successors. The flat 
astrolabe played an important part. Jai Singh’s first 
attempt at improvement was apparently the construc¬ 
tion of huge astrolabes, such as that shown in plate II, 
and the construction of large graduated circles. He 
had some excellent Arabic and Persian models but the 
metal instruments he had constructed do not appear 
to be of that fine workmanshi]) that adds so much to 
the value of many of the media3val astrolabes. As 
far as can be gathered Jai Singh did not use the ordinary 
sextajit and quadrant instruments, such as were used by 
Nasir al-.Din Tusi, Tycho Brahe, Flamsteed, and others. 

It has been related how he discarded brass instru¬ 
ments and ])inned his faith on large immovable masonry 
instruments ; and some of these he claims to have 
devised himself. As has already been pointed out, the 
basic idea was not peculiar to Jai Singh. The Arab, 
Persian and Tartar astronomers had constructed huge 
instruments; and they had formulated the notion 
that the only bar to accuracy of observation was the 
limit iinposed by circumstances on the size of the instru¬ 
ments. Jai Singh was pre])arcd to carry out the idea 
on which this proposition is based, to, what he thought, 
a reasonable extent. 

The bases of the designs of Jai Singh’s instruments 
are always obvious, but he showed very considerable 
ingenuity in the actual constructions. The Jai Prakas 
is practically the hemisphere of Berosus, somewhat 
elaborated, and the Samrat Yantra may also be con¬ 
sidered as evolved from that instrument. This only 
means, however, that the dial of Berosus was of a 
very general nature. It consisted of a hemispherical 
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bowl, placed with its rim horizontal, and in the centre, 
and in the same plane as the horizontal edge, was fixed 
a bead, whose shadow on the concave surface of the 
hemisphere marked the trace of the sun’s diurnal 
path. The reseml)1a,nce to the Jai Th'akas is striking 
enough, but it is doubtful whether Jai Singh had any 
knowledge of the earlier instrument : he could only 
have learnt of it from the Muslim astronomers [c.g., 
al-Battani, wlio refers to the principle of the instru¬ 
ment). The Jai Prakas, however, is something more 
than tlie bowl of Berosus, for it is fully graduated, 
{iud a])])ears to hav(‘ beeji based u])on the Muslim 
ijistrument known as al-Mamtardh. descri|)tions of 
which are found in the works of the Muslim astro¬ 
nomers. ^ 

In the British Museum are many dials of the seven- 
t(‘.enth and ea.i’ly eighteenth centuries constructed 
exactly on tJie same ])rinciple as the Samrat Yantra. 
Tlie direc.i. origin of the tangential scales on the gnomon, 
for nK'asiiriiig tin' (leclina,tioji of the sum is nf)t kjiown, 
although Ibji Yunus, aaid other Muslim writers on astro- 
imiuy, had woi ked out the theory.^ Hindu astronomers 
did not employ the tangent function, and refer to no 
otlier dial than the vertical gnomon, and to no other dial 
measurements than the length of the shadow. They 
made no direct angular measurements, and an angular 


^ Sec L. A. Sedilloi's Monoirc ,sur /c.s- 
dcs Arahe^s, p. 151f. ; also a description by al-Bar jeiidi ; also Blagrave’s 
Art of Dyailing, JbOO. One section of Blagrave's l)ook is—“How 
to make a dyall on a concave bcniisphere of a globe two sevcrall 
waies,’’ and the second way is that of the Jai Brakas. 

2 Indeed they woiked out the complete theory of the horizontal, 
vertical, inclined, cylindrical and conical dials, etc. 
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dial would have been almost contrary to the spirit of 
their teaching.^ 

The other instruments that can be attributed to 
eTai Singh’s genius are the Digaihsa Yantra and Kam 
Yantra, but these are simply enlargements, in masonry- 
work, of the azimuth and eombijied azimuth and alti¬ 
tude instruments of the Muslims. 


The prcdondnatifig influence. 

The actual points of contact between Jai vSijiglTs 
astronomiciil work and tliat of his ])redecessoi\s and 
contemporaries have been generally indicuited. Jai 
Singh himself was a Hindu and had Hindu assistajits, 
the most notable being Jagannatli, who, however, 
it seems, was employed, because of his knowledge of 
Arabic—a somewhat unusual (jualification aniojig the 
Pandits of the day.^ Jai Singh refers to one Hindu 
astronomer by name, who was, liowever, jenowned 
because of his knowledge of (Jreek methods. Jai Singh 
was, no doubt, well ac({uaijit(‘d with the woiks of the 
TTindu astronomers, but he does Jiot seem to have 
made much direct use of them. 

Jai Singh had certain Muhammadan assistants, 
he was acquainted with the chief astronomical works 

’ This is a curious point in the history of science. Tlie Hinflus 
s('(‘nied to avoid diiect angular measuretnents, aiul their niathemati- 
cal works contain no theorems or rules ndating to angh^s (see my 
Indian Mafhrntaflc-s, page 20). 

2 It is related thaii dai Singh was reproached with the statement 
that the Fandits, who yiretended to great h;arniTig, were entirely 
ignorant of Arabic scholarship, lie thereupon produced Jagannatli, 
who translated, from thr> Arabic, Euclid’s Elements, and Ptolemy’s 
AlnuKjesL >See SuDHAKAiiA Dvivedi Gimakataraligml p. 102 f. 
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of the Muslims, he brought one of their star catalogues 
up to (late, and he co])icd the instruments of the obser¬ 
vatory at Samarqand. His masonry instruments 
were designed after the notions taught by the Muslim 
astrononuus, and had absolutely nothing in common 
with those described in Hindu works. He sent certain 
of his assistants to Europe to get books and information ; 
he invitcid Euro])ean priests to visit him, and he obtained 
Euro|)eaJi tables. 

We may leave out for the moment the questioil of 
European influence, as Jai Singh was really only on the 
border liin^ of that inllnejice, ajid consider the Hindu 
and Arabic schools. The characteristic dillercmce 
between these is conneci.(Ml with practical work. The 
Hi 11(1 ns wer(‘- ])racih^a] astrononuns only in so far as th(.*-y 
could calculate*, from a givrm starting point with given 
rules, the positions of the phunds, eclipsris, etc., with 
some acicuracy. This, of C(>urs(\ impru'S a very con¬ 
siderable amount of knowledge and skill ; but the Hijidus 
had no instrumejits of precision of their own before 
Jai Singles time ; neither wene they ijitej‘i‘st(_Hl in making 
pi’actical obervations of the heavtmly bodies. Tlum* 
rules and the elements given in their apjiroved works 
sufficed them. The stand|>oint of the Muslims was 
entirely difTerent : they were particularly interested in 
the verification and correction of ])i‘eviously recorded 
results. They built what were then the fim^st observa¬ 
tories in the world, and they perfected the astrolabe 
to an extraordinary degree. 

The difference between the two schools is too well 
known to need elaboration ; and the category into which 
Jai Singh’s work places itself is perfectly clearly indi- 
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cated ; and the hypothesis that he received his main 
astronomical inspiration from Hindu traditioii is com¬ 
pletely eliminated, lie followed “ the martyr prince, 
Mirza Ulugh Beg of Samarqand. Since both the 
Hindus and Muslims obtained their astronomy from the 
Greeks, they have much in common, but the work of 
Jai Singh was exactly of that nature which differentiates 
b(‘tween the two sehools ; and, what the Muslim astro¬ 
nomers had. and, what Ifindiis lacked, attracted Jai 
Singh. Jn liis Avork there is no ])oint of contact with 
Hindu astronomy that did not also t(uich the work of 
the Muslims, wliile, on the other hand, there are many 
points of contact between his woi*k ajid Muslim astro¬ 
nomy that are remote from the teachijig of the Hindu 
schools. 

Jai Singh’s apparent indifference to European 
achievements is rather remarkable ; but, it must be 
borne in mind that, he, very ])robably, only became 
acquainted with their results after he had conceived, 
and |)artially carried out, his scheme of astronomical 
research. His tables, it is su])])osed, were completed 
about A.I). 1728, and the o])servatory at Delhi had been 
built a few years ])reviously. It was in 1728 or 1729 
that Jai Singh sent Padre Manuel and others to Europe, 
and in 17‘H he was visited by Father Boudier and his 
companion. These dates might be considered sufficient 
to account for Jai Singh’s neglect of the European dis¬ 
coveries, but there is possibly another explanation. 
Galileo died a prisoner of the Inquisition in 1642, and 
his l)ooks were not removed from the Index until 
A.D. 1835 : More recent EuropeaTi discoveries might 
thus have been discredited in Jai Singh’s eyes, and 
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he would, at any rate, have found it difficult to 
reconcile the persecution by authority, on the one side 
with the claim to brilliant scientific discoveries, on the 
other. 

Jai Singh began his work at a time when European 
astronomers had arrived at, what may be termed, the 
modern conception of the universe. The discoveries 
of Copernicus, Kepler, (ilalileo and Newton had been 
accepted, and scientists were settling down to work 
out, in detail, the results of these discoveries. 
Flamsteed’s great catalogue was completed just as 
Jai Singh began his work. But in the special circum¬ 
stances of his expOT-ience, it is not surprising that Jai 
Singh refused to follow the lines of research indicated 
by the Eur()|)eaTi astnuioiners. Had he done so, his 
power and his wealth might have enabled him to alter 
the who!(* condition of Indian scientific scholarship, 
and, instead of his labours ending with liis death, 
when “ science expired on his fujieral pyre,’’ there 
might have been established a lasting school of research. 
The troubled condition of the (u)untry, and the general 
state of civilization in it, were antagonistic to the 
])i-()gress of science, and Jai Singh’s work is now only 
a tradition, and his observatories are archc^eological 
remains. 

That Jai Singh made no new astronomical discoveries 
is hardly a fair criterion of the value of his work ; for, 
indeed, a great deal of the most valuable astronomical 
work is not concerned with new discoveries. His 


1 See also De Morgan’s A Budget of Paradoxes, in which numerous 
works opposing the ‘ Newtonian theory ’ are referred to. 
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avowed object was the rectification of the calendar, 
the prediction of eclipses, and so on—work which 
entails a great deal of labour, and generally shows no 
remarkable achievement. Considering the state of the 
country in which Jai Singh lived, the political anarcliy 
of his time, the ignorance of his contem])oraries, and 
the difficulties in tlie way of transmission of know¬ 
ledge, his scheme of astronomical work was a notal)le 
one, and his observatories still form Jioble mojiuments 
of a remarkable personality. 
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Table II.—The Equation of Time. 

[The difference between apparent solar time (dial time) and mean solar time (clock tiine.=*)] 


90 


APPENDIX 



Ill India clock time is ordinarily • standard ’ time, which is 5^ hours earlier than Greenwich mean time. 
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The equation of time is given to the nearest second 
for 0 hours Greenwich mean time of alternate days of 
the months (1919). For intermediate times propor¬ 
tionate parts will give approximately correct results. 
(The instruments give at their best readings correct 
only to, say, half a minute of time). The equation of 
time is to be applied to mean time in accordance with 
the signs as given in the table. 

To obtain the difference between dial time and 
standard time add the quantities in the fourth column 
of table I to the equation of time. For example, to 
deduce dial time from standard time on October 13th 
at Delhi add to standard time—21 min. 8 sec.+ 13 min. 
30 sec. or —7 min. 38 sec. 


Table III,— Hindu Measures 


Divisions of the day. 


no prativipalas 

1 vipala ~ 

0’4 seconds. 

10 vipalas 

1 prana 

4*0 seconds. 

00 vipalas 

1 pala or viiiiidika = 

24*0 seconds. 

60 palas 

1 ghati, nadika, danda 

24 minutes 

60 chatikas 

1 divasa, dina, vasara ~ 

1 solar da 3 % 

Also 2 ghatis 

1 muhurla ~ 

Length. 

48 minutes 
and 30 
muhurtas 

1 day. 

8 yavas 

1 angula ? 

1 inch. 

24 angulas 

1 hasta 

18 inches. 

4 hastas 

1 danda 

6 feet. 

[)00 clanda 

1 kro.sa 

4,000 yards 

4 kro^a 

1 yojana 

Oy'j miles. 

g2 
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glossary. 


Alhidade.—(Ar. 'idCulali ‘ door post ’] The ‘ sighter ’ of an astro¬ 
labe. 

Almagest. —[Ar. al majisti, the greatest]. Ptolemy’s work — 
tlio Sijntaxis. 

Almucantarats [Ar. maqantarat]. Circles of altitude, parti¬ 
cularly oil the astrolabe. 

Amsa. —Division, degree. 

Angula. —A digit. A measure of length approximately — | 
ineli. 

‘ ankabut. —[‘ spider ’]. The oiien-work rotating tablet of an 
asti’olabc. 

Astrolabe. —[Ar. usturlab Ck. ’astrolabes]. See page 22. 

Azimuth. —| Ar. al-satnimil, jil. of way ’]. Angle between 
the meridian and vertical circle passing through the body. 

Chakra. —Circle. 

Chakra yantra. —Circular dial. 

Dakshina. —On the right or south. 

Dakshinovritti yantra. —A lixed meridian circle. 

Declination. —The distance from the equator measured on a 
great circle passing through the poles. 

Digamsa Yantra. — [di§ quarter, direction; am^a division, degree 
of arc]. An instrument for measuring horizontal angles or 
azimuths. 

Equation of time. —The correction to be added to the apparent 
solar time to obtain the mean solar time. 

Equatorial. —A revolving astronomical instrument whose 
fixed axis is parallel to the earth’s axis. 
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GLOSSARY 


Faras.^ —[‘Horse’]. The wedge which fastens the parts of an 
astrolabe togetlier. 

Ghati. — A sixtieth part of a day, i.e.y 24 minutes. 

Gola. —Sj)here. 

Jantar. —Yantra, q. v. 

Jan tar Mantra.- —Name for the Delhi Observatory (Mantra has 
no sjje(;ilie meaning). 

Jai prakas. —A IjemispluHcal dial designed by Jai Singh. 

KapMa. —A bowl. A hemispluaical dial. 

Kranti vritta.— The t'cliptie. 

Krantivritti yantra.— An instjunu'ut for measuring celestial 
latitude and longitude. The Torqudum of Regiomontanus. 

Local time. —TJie true solar time at a particular locality. Dial 
time. 

Misra yantra. —Mixi'd instrument. See ]jage 36. 

Nakshatra. —A divisioji of the ecliptic. A constellation. 

Nard yantra. -Sun-dial. 

Pala.— One sixtietli of a (jhafi, or 24 seconds. 

Prakasa. —Manifestation, tlucidatioji. 

Ram yantra. —A circuhir instrument for measuring altitudes and 
aziniutJis. 

Rasi. —A sign of the zodiac. 

Rasi valaya. —A set of 12 dials of the same type as the Samrat 
Yantra—one, for each sign of the zodiac. X 

Samrat. — [samrdj, supreme ruler]. 

Samrat Siddhanta. —Name of a Sanskrit translation of the 
Almagest. 

Samrat yantra. —Name of Jai Singh’s chief instrument, an 
equinoctial dial. 

Shashtamsa. —Consisting of sixty degrees. 

Siddhanta. —Any canonical text-book or scientific treatise^ 
esj)ocially on astronomy. 

Solar time. —Tlie mean solar day is the average of all the solar 
days of the year. Tin; difference between apparent solar 
time, and mean solar time is termed the ‘ equation of time-’ 
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Standard time is the local timo of a standard meridian. In 
India the standard meridian is 82'' tU)' east of Greenwich 
and standard time is 51 hours earlier than Greenwich mean 
time. 

Torquetum. —An instrument for measuring celestial latitudes 
and longitudes. 

Triquetrum. —An instrument consisting of two arms of equal 
length liinged together, with a third graduated arm o])po- 
sito to the liinge 

Unnatamsa yantra. — limmUa, elevated]. A graduated circle 
wath vertical axis, for measuring altitudes, etc. 

Valaya. —A circle. 

Vertical circle. —Any (arele passing throngli the zenith and 
cutting the horizon at right angl(;s. 

Vyitta .—Round, circular. 

Yantra. —Instrument. 

Yantra raja. —Hindu name for the astrolabe. 

Zat al-halqa. —‘ Consisting of a ring.’ 

Zat al-Safa41l. —‘ Consisting of tablets.’ Tlie astrolabe. 

Zat al-Shu’batain. —An instrument coiisisting of two j^arts. 
U’he triquetrum. 

Zlj. —Astronomical table. 

Zij Muhammad Shahi. —Astronomical tables named after the 
Ernxjeror Muhammad 8hab. 
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{The references are to the pages.) 

A 

‘Abderrahman b. ‘Omar, AbQ’l—Hussain al Sufi (d. AT) 
1080) 6. 

AbderrahmTn Abud Hasan ibii Yunis (A.l>. i)^Sd.) 82. 

Abcrkas —Hipparclius 4. 

Ain-i-akbari 11. 

Akbarnama 11, 12. 

Albiruni. See Muhammad b. Ahmad Abu’l Hiluln. 

Albatcgnius. See Muhammad J». Jahir b. Siiiau al-liattani. 
Alfonsiiie tables 17. 

Alhidade 28. 

‘All b. Muhammad al-Saijid al-Sharif al-GurgSiii (A.D. 1340-1414) 

6 , 11 . 

Alirtaged 3, 77, 83. 

Almucantarats 23. 

Angular calculations : not used by the Hindus 83. 

‘ ankabut, ‘ spider the ecliptic tablet of an astrolabe 23. 
Aperture dial. See shashtamsa yantra. 

Arabic astronomy 76 seq. 

Aranea. See ‘ankabut. 

Aryabhata (A.D. 476 b.) 75. 

Arya-paksha 75. 
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Arya-siddhanta 75. 

Astrolabe: 21 ; perfected by Muslims 21, 84 ; used by Jai 
Singh 22, 81 ; Hindu 24 ; at Jai^jur 21, 46, 47 ; at Kapur* 
thala 21. 

Avanti- Ujjain q. v. 

Azimuth instruments 29, 45, 53, 59. 


B 

Bailly J. S. (1733-1793) 68. 

Barker, Sir B. account of Benares observatory 58, 62, 63, 93. 
al-Battani. iSVc Muhammad b. Jabir b. Sinan. 

Benares observatory 16, 56 seq. 

Bentley J. 69. 

Berlin observatory 17. 

Berosus : dial of 81. 

Boudier, Bather 0. 5, 17, 40, 62, 85. 

Brahe. JSee Tycho Brahe. 

Brahmagupta (A.D. 598 b.) 75. 

Brahma-jiaksha 75. 

Burrow R. 20, 24. 


c 

Carr-Stophen 42. 

Cassini C. D. (A.D. 1625-1712) 79. 

Chakra-yantra 47, 60. 

Chandradhar Guieri 7, 50, 93. 

Chaucer’s Treatise on the Astrolabe (A.D. 1391)22, 61. 
Clepsydra 76. 

Colebrooke H. T. 69. 

Copernicus (A.D. 1473-1543) 78, 86. 

Cumm and Commandine 7. 

Cycle : live-year 71, 72 ; Mctonic 73 ; of 4,320,000 years 74. 
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D 

Dakshino-vritti-yantra 37, 46, 52, 58. 

Daniell T. & W. 41, 57. 

D’Anville 8, 94. 

Day, length of 72. 

Delhi observatory 15, 32 seq. 

Do Morgan 86, 

Dials . Samrat yantra and Nari valaya yantras. 

Digaihsa yantra 29, 45, 53, 59. 

Dikshit B. D. 69, 70. 

Dreycr J. L. E. 47, 78. 


E 


Epicycles 74. 

Errors in instruments 14, 25 ; in Euro|)ean tablets 12, 17. 
Euclid (ff., 300 B.C.) 3, 7, 11, 83. 

European astronomy 78 ; its influence on Jai Singh 85, 
European instrum(jnts 18, 78. 

European works used by Jai Singh 3, 5-7. 


F 


Fanshawe H. C. 42. 

Faras or ‘ Iiorsc ’ 23, 24, 61. 

Figueredo, heather 8, 17. 

Flamsteed J. (A.D. 1646-1720) 3, 6, 17, 18, 78, 86. 
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Galileo (A.D. 1564-1642) 79, 85, 86. 
Geographical elements 89. 
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G<arrett A. fT. 7, 50, 93. 

Gola-yantra 4. 

Gower 22. 

Greek astronomy 68 scq. 

(Jrccnwiobservatory. 

al-Gurgiinl. See ‘Ali b. Muhammad al-Saijid abSharif. 


H 


Hadley's quadrant 22. 

Halley (A.D. I()r)(;-I742) 17, 78. 

Hendley, (^ol. T. H. 50, 94. 

Hevelius(A.D. 1011-1687) 17, 78. 

Hindu astronomical instruments 24, 75, 80. 
Hindu astronojuy 07 seq. 

Hindu inHu(‘U(;e on J.ii Singh’s work 83. 
Hipparclms (c. 130 B.G.)4, 10. 

Hire P. de la. See La Hire. 

Hunter W. 7, 9, 34, 40, 52, 54, 55, 60, 64, 93. 
Huygens (A.D. 1029-1095) 78. 


I 

Ibn Yunis. See ‘ali b. Abderrahman abu’l Hasan b. Yunis. 
Jftikhar Khan 21. 

’Ilkhanic Tables 6, 77. 

Instruments : errors in 14, 25 ; European 18, 78 ; evolution of 
Jai Singh’s 80, 81 ; Flamsteed’s 18 ; Hindu 24 seq., 75 ; 
Jai Singh’s 20 seq. ; masonry 24 seq. ; metal 20 seq. ; size of 
14, 15, 24, 25, 81; 
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J 

Jacobi H. 69, 70. 

Jagannath 4, 25, 38, 83. 

Jaggat Singh of Jaipur 3. 

Jai-prakaA 15, 27, 35, 44, 82. 

Jaipur city 47 ; observatory 16, 42 seq. 

Jai Singh (A.D. 1686-1743) 1 seq., 

Jamshirl b. Mes’ud CJbyath al-Din al-Kashl (A.D. 1437 b.) 6, 
11, 77. 

Jesuit records 8. 

Jones, Sir W. 69. 

Jt/ofisha Vcddnga 68, 71. 


K 

Ka])ri]a 28, 45. 

Kapurtliala : instruments at 21. 

K aj-l\ a - r a si - v a 1 a y a 37. 

KInujani tables 6, 11. 
al-Klslii. f)('e Jamsliid b. Mcs'ud. 
Kepler J. (A.D. 157M630) 78, 86. 
al-Kindi. 14. 

KnobeJ E. B. 5. 

Kotali: instruments at 20. 

Kranti- vritti-yantra 47. 

Krittika 70. 


L 

La Hire P. de 3, 5, 17. 

Laplace (A.D. 1749-1827)69. 
Latitudes 89. 

Leiden observatory (1632) 17, 
l/cttres edifiante^, etc. 8, 17, 93, 
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Longitudes 89, 


al-Majifiii. Almagest. 

Manrnandira at Benares 56, 61. 

Mfin Singh of Anil)er 56. 

Manuel, Badro 7, 17, 85. 

Maragha observatory. 6, 77. 

Mathura observatory 16. 

Maulanachand 12. 

Metal instruments 20 seq. 

MiAra-yantra 31, 36. 

Muhammad— 

b. Ah mod Al )du’l Bihan al-BirunI (A.D. 973-1048) 14, 73, 77. 
b. Jilbir b. Sinfin al-BattariT (A.D. 929 d.) 82. 

Mahdi 7. 

Shah 9, 13, 19. 

Sharif 7. 

Mulachiind. See Maulanachand. 

Mural quadrants 37, 46, 52, 81. 


N 


Nakshatras 70. 

Napier, Don Juan — J. Napier 7. 

Nari-valaya-yantra 30, 45, 53, 59. 

Nasiral-Dln al-Tusi (Muhammad b. M. b. al-Hasan, Abu Ja‘far, 
A. D. 1201-1273)6, 11, 14, 77. 

Newton, Sir Issac (A.D. 1643-1727) 1, 78, 86. 

Niyat-yantra 36. 
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‘Omar b. Ibrahim al-Kbaiyami (A.D. 1049-1124) 77. 
Olough Beg. See Ulugh Beg. 
von Orlich 35, 41, 


P 


Panchasiddhdntikd 68. 

Paris Observatory (1()(>7) 17. 

Paulina Siddhdnlo 68, 74. 

Picard J. (A.D. 1620-1682) 79. 

Planets 71, 72, 74. 

Playfair J. 69. 

Prec^ession of the ccjuiiioxes 75. 

Prinsep J. 61, 62. 

Ptolemy. Claudius (//. A.D. 140) 3, 4, 11, 74, 79, 83. 


Q 

.Quadrants ; mural 37, 46, 52, 81, 
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BSm yantra 14, 28, 36, 45. 
Basi-valaya-yantra 31, 44. 
Ivefraetion 5. 

Beinhold(A.D. 1511-1553) 17. 
Restorations 42, 50, 64, 

Ret(‘. 23. 

Rieu C. 9. 

Romaka Siddhanta 68, 73. 
Rudolphine tables 17. 
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St. Pctoraburg observatory (1725) 17. 
Samarqand observatory 14, 77. 
Samrat-yantra 15, 26, 33, 43, 52, 57, 82. 
Samrat-siddhaiU a 4. 

Saura-paksba 75. 

S6dillot E. A. 14. 

Sedillot L. A. 82. 

Sextant 18, 78, 81. 

Shashtamsa. yantra 31, 44. 

Sines : talile of 74. 

Strobcl, Andr6 8. 

Siidliakara Dvivedi 83. 

al-Siifi, See ‘Abdcrrahinan b. ‘Omar. 

>Sil,r//a Prajnff])fl 68, 72. 

Snrya JSlddhfuila 68, 74. 

Suter II. 11, 12, 14. 

Syed Ahmad Khan 38, 41, 1)3. 

Sylva, Don Pedro de 9. 
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Tablets 23. 

Tabulae Aslronotnicae of La Hire 5, 17. 

Tangents 26. 82. 

Telescope 79. 

Telescopic sights 79. 

Thibaut G. 69. 

Thorn W. 34, 41. 

Tieffenthaler : 8 ; on Jaipur observatory 48 ; on LTjjain obser¬ 
vatory 54. 

Tilak B. (b 69. 
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Time ; equation of 90 ; measures of 91. 
Tod Col. 1, 2, 20, 39, 93. 

Torquf^tum 47. 

Triquetrum 14. 

Tycliu Brahe (A.D. 154r)-l()0]) 17, 47. 77. 


u 

TJjjain : t he Greenwich of India 55-56 ; observatory 16, 51 seq. 
Ulugh Beg (A.D. 1394-1449) 3, 5, 13, 14, 19, 77, 85. 

Unnat aiiisa-yantra 46. 

Upsala observatory (1730) 17. 

Uraniborg (Tycho Brahe’s o])servatory 1570) 17. 
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Varaha Mihira (A.D. 587 d.) 68, 74. 
Vdsishtha Siddhdnta 73. 

Vedic astronomy 69, 71. 
Vitlamayus = Ptolemaous. 5. 


w 


Weber A. 69. 

Whitney W. D. 69. 

Williams J. L. 60, 61, 62, 63, 64, 93. 
Wolf R. 47. 
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Yantra Raja = Astrolabe 46- 
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Year : length of 71, 72, 73, 74, 75. 
Yunan 4. 
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Zia al-DIn b. MullaQasim 21. 
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